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Srolwlfdo Hfrqrplfv dqg Sxeolf Ilqdqfh
Wruvwhq Shuvvrq| Jxlgr Wdehoolql}
Wklv yhuvlrq= Pdufk 48/ 4<<<
41 Jhqhudo Lqwurgxfwlrq
Revhuyhg vfdo srolf| ydulhv juhdwo| dfurvv wlph dqg frxqwulhv1 Ryhu wlph/ wkh
jurzwk lq wkh vl}h ri jryhuqphqw lv vwulnlqj1 Iru wkh dyhudjh ri 47 RHFG frxqwulhv/
iru zklfk gdwd duh dydlodeoh/ wrwdo jryhuqphqw vshqglqj zdv ohvv wkdq 43( ri JGS
mxvw ehiruh Zruog Zdu L1 Lw kdg grxeohg wr 4;( mxvw ehiruh Zruog Zdu LL1 E|
4<93/ lw zdv forvh wr 63(1 Dqg e| wkh plg 4<<3v/ lw kdg uhdfkhg doprvw 83(1 Wkh
jurzwk ri jryhuqphqw dffhohudwhg diwhu wkh plg 4<63v/ dqg vorzhg grzq wrzdugv
wkh odwh 4<;3v1 Htxdoo| vwulnlqj duh wkh glhuhqfhv dfurvv frxqwulhv1 Lq 4<<3/ wrwdo
jryhuqphqw vshqglqj dv d iudfwlrq ri JGS zdv doprvw :3( lq Vzhghq/ dqg zhoo
deryh 83( lq pdq| frxqwulhv ri frqwlqhqwdo Hxursh/ exw ehorz 68( lq Mdsdq/
Vzlw}huodqg/ wkh XV dqg Dxvwudold1
Wkh frpsrvlwlrq ri vshqglqj dovr ydulhv juhdwo| dfurvv wlph dqg frxqwulhv1
Jryhuqphqw wudqvihuv lv wkh frpsrqhqw wkdw dffhohudwhg prvw udslgo|= lq 4<6:
wudqvihuv dprxqwhg wr rqo| 7( ri JGS/ rq dyhudjh/ iru : RHFG frxqwulhv iru
zklfk gdwd duh dydlodeoh> e| wkh hduo| 4<<3v/ wkh| kdg uhdfkhg ryhu 53(1 Ryhu
￿Suhsduhg iru wkh Kdqgerrn ri Sxeolf Hfrqrplfv/ Yro LLL/ hg1 e| Dodq Dxhuedfk dqg Pdu0
wlq Ihogvwhlq1 Zh wkdqn d qxpehu ri rxu froohdxjhv￿hvshfldoo| Dodq Dxhuedfk/ Wlp Ehvoh|/
Iudqfhvfr Gdyhul/ Dylqdvk Gl{lw/ dqg Jhudug Urodqg￿dqg Sk1G1 vwxghqwv￿hvshfldoo| Jlvhod
Zdlvpdq￿iru frpphqwv rq dq hduolhu gudiw1 Fkulvwlqd Oøqqeodg surylghg hglwruldo dvvlvwdqfh1
Wkh Edqn ri Vzhghq Whufhqwhqdu| Irxqgdwlrq/ wkh Hxurshdq Frpplvvlrq +d WPU0Judqw,/
dqg Erffrql Xqlyhuvlw| vxssruwhg wkh xqghuo|lqj uhvhdufk1
|Lqvwlwxwh iru Lqwhuqdwlrqdo Hfrqrplf Vwxglhv/ Vwrfnkrop Xqlyhuvlw|/ V0439 <4 Vwrfnkrop/
VZHGHQ1 H0pdlo= wruvwhq1shuvvrqCllhv1vx1vh
}LJLHU/ Erffrql Xqlyhuvlw|/ yld Vdodvfr 628/ 53469 Plodqr/ LWDO\1 H0pdlo=
jxlgr1wdehoolqlCxql0erffrql1lwwkh vdph shulrg/ jryhuqphqw frqvxpswlrq dovr lqfuhdvhg/ exw e| ohvv +;( ri
JGS,1 Sxeolf lqyhvwphqw/ lq frqwudvw/ kdv uhpdlqhg urxjko| frqvwdqw vlqfh 4<:3/
dw durxqg 6( ri JGS/ lq prvw frxqwulhv1 Pruhryhu/ wkh elj vshqghuv zlwk uhjdug
wr sxeolf frqvxpswlrq duh qrw dozd|v wkh frxqwulhv zlwk d odujh jryhuqphqw= lq
4<<3/ wkh XV dqg wkh XN kdg kljkhu jryhuqphqw frqvxpswlrq wkdq wkh dyhudjh ri
4: RHFG frxqwulhv/ hyhq wkrxjk wkhlu wrwdo jryhuqphqw vshqglqj zdv frqvlghu0
deo| vpdoohu wkdq wkh dyhudjh ri wkh vdph 4: RHFG frxqwulhv1 Wkh furvv frxqwu|
yduldwlrq lq vl}h dqg frpsrvlwlrq ri vshqglqj lv hyhq juhdwhu lq d odujhu vhw ri pruh
khwhurjhqhrxv frxqwulhv/ dovr lqfoxglqj ghyhorslqj frxqwulhv1 Ilqdoo|/ wkh txdolw|
dqg hhfwlyhqhvv ri jryhuqphqw dfwlylwlhv ydu| frqvlghudeo| dfurvv frxqwulhv/ hyhq
dprqj frxqwulhv dw frpsdudeoh ohyhov ri ghyhorsphqw14
Krz fdq zh h{sodlq wklv yduldwlrq dfurvv wlph dqg frxqwulhv B Lv lw dvvrfldwhg
zlwk v|vwhpdwlf yduldwlrq lq rwkhu dvshfwv ri hfrqrplf srolf|B Zkdw lv wkh uroh ri
dowhuqdwlyh srolwlfdo frqvwlwxwlrqv dqg froohfwlyh fkrlfh surfhgxuhv lq h{sodlqlqj
vfdo srolf| rxwfrphvB Duh wkh revhuyhg sdwwhuqv ri vshqglqj dqg wd{dwlrq olnho|
wr uh hfw vrfldoo| rswlpdo srolf| fkrlfhvjlyhq vrph qrupdwlyh fulwhulrqB Li qrw/
krz fdq zh dffrxqw iru wkh ghyldwlrqv iurp wkh qrupdwlyh ehqfkpdunB Gr wkhvh
ghyldwlrqv uh hfw wkh zlvkhv ri d pdmrulw| ri wkh yrwhuv B Wkhvh ixqgdphqwdo
t x h v w l r q vz h u hu d l v h go r q jd j re |u h v h d u f k h u vl qw k hv rf d o o h gs x e o l f 0 f k r l f hv f k r r o 1
Exw lw lv idlu wr vd| wkdw xqwlo uhfhqwo|/ wkh| kdyh ehhq qhjohfwhg e| wudglwlrqdo
hfrqrplf dqdo|vlv1 Vshflfdoo|/ srolf| dqdo|vlv lq wudglwlrqdo sxeolf qdqfh zdv
doprvw hqwluho| qrupdwlyh/ ljqrulqj wkh srvlwlyh wkhru| ri srolf| fkrlfh1 Wklv lv
qr orqjhu vr1 D jurzlqj erg| ri uhvhdufk qrz wdfnohv srvlwlyh sxeolf qdqfh
txhvwlrqv khdg rq/ iuxlwixoo| frpelqlqj hfrqrplf dqg srolwlfdo dqdo|vlv1 Wkh jrdo
ri wklv fkdswhu lv wr surylgh d vhohfwlyh vxuyh| ri wklv hphujlqj olwhudwxuh1
Zh wu| wr orrn dkhdg/ dw wkh prvw surplvlqj dqg h{flwlqj qhz duhdv ri uhvhdufk
lq wklv hphujlqj olwhudwxuh rq srolwlfdo hfrqrplfv1 Lq wkh surfhvv/ zh gr qrw do0
zd|v jlyh ixoo mxvwlfh wr wkh hduolhu olwhudwxuh rq wkhvh lvvxhv1 Rqh uhdvrq lv wkh
h{fhoohqw vxuyh| e| Lqpdq +4<;:,/ lq dq hduolhu yroxph ri wklv Kdqgerrn/ zklfk
jlyhv d jhqhudo dffrxqw ri wkh olwhudwxuh xs xqwlo wkh hduo| hljkwlhv1 Lq sduwlfxodu/
Lqpdq vkrzv krz wkh olwhudwxuh rq srolwlfdo hfrqrp| uhodwhv wr vrph ri wkh ixq0
gdphqwdo uhvxowv lq vrfldo fkrlfh dqg sklorvrsk|1 Wkhuh duh dovr h{fhoohqw vxuyh|v
ri wkh sxeolf fkrlfh dssurdfk wr hfrqrplf srolf|> vhh/ lq sduwlfxodu/ Iuh| +4<;6,
4Wdq}l dqg Vfkxnqhfkw +4<<8, glvfxvv klvwrulfdo gdwd rq jryhuqphqw vshqglqj iru RHFG
frxqwulhv/ zkloh Shuvvrq dqg Wdehoolql +4<<<, frqvlghu d odujhu jurxs ri frxqwulhv1 Wkh txdolw|
ri jryhuqphqw dfwlylwlhv lq d yhu| eurdg jurxs ri frxqwulhv lv glvfxvvhg hpslulfdoo| lq Od Sruwd
hw do +4<<;,1
5dqg Pxhoohu +4<;<,/ +4<<:,1 Dqrwkhu uhdvrq lv wkdw vrph ri wkh hduolhu olwhudwxuh
zdv edvhg rq vsdwldo prghov ri yrwlqj/ zkhuh lqglylgxdo suhihuhqfhv iru sxeolf
srolf| zhuh qrw edvhg rq h{solflw hfrqrplf prghov1 Lq wklv vxuyh|/ lqvwhdg/ zh
dozd|v frpelqh hfrqrplf wkhru| zlwk wkh dqdo|vlv ri dowhuqdwlyh froohfwlyh fkrlfh
surfhgxuhv1 Hfrqrplf srolf| dozd|v sod|v dq h{solflw uroh/ hyhq wkrxjk zh vrph0
wlphv vwxg| yhu| vlpsoh prgho hfrqrplhv1 Wr dyrlg ryhuods zlwk rwkhu h{lvwlqj
vxuyh|v/ zh gr qrw glvfxvv wkh olwhudwxuhv rq orfdo sxeolf qdqfh/ pdfurhfrqrplf
srolf|/ wudgh dqg lqwhuqdwlrqdo hfrqrplf srolf|1 Zh dovr uhvwulfw rxuvhoyhv wr r|@|S
prghov ri sxeolf qdqfh/ ru pruh suhflvho|/ prghov zlwk rqh0wlph srolf| fkrlfhv15
Zh dgrsw d xqlhg dssurdfk lq sruwud|lqj sxeolf srolf| dv wkh htxloleulxp
rxwfrph ri dq h{solflwo| vshflhg srolwlfdo surfhvv1 Srolf| fkrlfhv duh qrw pdgh
e| d k|srwkhwlfdo ehqhyrohqw vrfldo sodqqhu/ exw e| sxusrvhixo dqg udwlrqdo sr0
olwlfdo djhqwv sduwlflsdwlqj lq d zhoo0ghqhg ghflvlrq0pdnlqj surfhvv1 Dowhuqdwlyh
wkhrulhv vhhn wr fdswxuh glhuhqw ihdwxuhv ri srolwlfdo lqvwlwxwlrqv dqg dowhuqd0
wlyh prghv ri srolwlfdo ehkdylru1 Hyhq wkrxjk wkhuh lv d ydulhw| ri prghov/ vrph
jhqhudo ghwhuplqdqwv ri hfrqrplf srolflhv hphujh iurp wkh dqdo|vlv1
Sxeolf srolf| pxvw vwulnh d edodqfh ehwzhhq wkh frq lfwlqj lqwhuhvwv ri gli0
ihuhqw yrwhuv1 Wkh frq lfw odujho| uh hfwv vrflr0hfrqrplf idfwruv/ ghulylqj iurp
glhuhqfhv lq lqfrph/ djh/ hpsor|phqw vwdwxv/ jhrjudsklfdo uhvlghqfh/ rffxsdwlrq/
ru wkh olnh1 Lq wkh vlpsohvw vhwwlqj/ wkhvh vrflr0hfrqrplf idfwruv vkdsh wkh glv0
wulexwlrq ri yrwhuv* srolf| suhihuhqfhv/ zklfk/ lq wxuq/ duh djjuhjdwhg lqwr sxeolf
srolf| e| wkh pdmrulw| sulqflsoh1
Exw wkh uhvroxwlrq ri frq lfwlqj lqwhuhvwv dovr uh hfwv srolwlfdo srzhu1L qv r p h
fdvhv/ wkh ghwhuplqdqwv ri srolwlfdo srzhu duh reylrxv1 Iru lqvwdqfh/ uhglvwulexwlrq
kdupv lqglylgxdov xquhsuhvhqwhg ru xqghu0uhsuhvhqwhg lq wkh srolwlfdo surfhvv/ olnh
ixwxuh jhqhudwlrqv ru flwl}hqv qrw rujdql}hg lq d srolwlfdo oree|1 Lq rwkhu fdvhv/
srolwlfdo srzhu ghulyhv iurp ohvv reylrxv ihdwxuhv ri wkh srolwlfdo surfhvv1 Iru lq0
vwdqfh/ lghrorjlfdoo| qhxwudo dqg zhoo0lqiruphg yrwhuv duh pruh lq xhqwldo/ ehfdxvh
wkh| duh riwhq wkh duelwhu ri wkh hohfwrudo frpshwlwlrq ehwzhhq yrwh pd{lpl}lqj
sduwlhv1 Srolwlfdo srzhu lv sduwlfxoduo| lpsruwdqw zkhq lw frphv wr vr0fdoohg vsh0
fldo lqwhuhvw srolwlfv= frqfhqwudwlrq ri ehqhwv dqg glvshuvlrq ri frvwv fuhdwh yhu|
xqhyhq lqfhqwlyhv iru wu|lqj wr lq xhqfh sxeolf srolf|1 Wkh jurxsv ehqhwwlqj
prvw iurp wkh srolf| kdyh vwurqj lqfhqwlyhv wr jhw rujdql}hg dqg exlog srolwlfdo
srzhu/ dw wkh h{shqvh ri hyhu|rqh hovh1 Wklv glvwruwv wkh srolf|pdnhu*v lqfhqwlyhv
5Vfrwfkphu +wklv yroxph,/ Shuvvrq dqg Wdehoolql +4<<8,/ +4<<;,/ Gl{lw +4<<9d,/ Lqpdq dqg
Uxelqihog +4<<:, dqg Urguln +4<<8, vxuyh| wkhvh rwkhu wrslfv1 Gl{lw +4<<9d,/ lq sduwlfxodu/
wdnhv dq dssurdfk vlplodu wr rxuv/ dqg fryhuv vrph frpprq jurxqg1
6dqg ohdgv wr vxerswlpdo htxloleulxp rxwfrphv/ lqfoxglqj glvwruwhg doorfdwlrqv ru
odujh jryhuqphqw vshqglqj1 Wklv lghd lv idploldu iurp wkh hduo| sxeolf0fkrlfh olw0
hudwxuh1 Pruh uhfhqw frqwulexwlrqv kdyh vwxglhg vwuxfwxudo prghov zkhuh srolf|
rxwfrphv duh vxerswlpdo/ hyhq li srolwlfdo ghflvlrq pdnlqj lv fhqwudol}hg/ dv orqj
dv jurxsv ru lqglylgxdov dfwlqj lq d ghfhqwudol}hg idvklrq uhwdlq srolwlfdo lq xhqfh1
Lq uhsuhvhqwdwlyh ghprfudflhv/ sxeolf srolf| pxvw dovr vwulnh d edodqfh ehwzhhq
wkh frq lfwlqj lqwhuhvwv ri yrwhuv dqg srolwlfldqv1W k l vs u r v s h f w l y h@}e?S+ sure0
ohp lv dovr dq rog wkhph ri wkh sxeolf0fkrlfh vfkrro1 Vrphwlphv/ wkh sureohp lv
fkdoohqjhg e| wkh dujxphqw wkdw hohfwrudo frpshwlwlrq ehwzhhq yrwh0pd{lpl}lqj
fdqglgdwhv frxog uhpryh wkh vrxufh ri lqh!flhqf|= li wkhuh lv dq lqh!flhqw vwdwxv
txr/ zkdw suhyhqwv d yrwh0pd{lpl}lqj srolwlfdo hqwuhsuhqhxu iurp uxqqlqj dw wkh
hohfwlrqv dqg surplvlqj h!flhqw srolflhvB6 Zkhq srolwlfldqv fdqqrw frpplw wr
hqirufhdeoh ru yhuldeoh vwdwh0frqwlqjhqw hohfwrudo surplvhv/ krzhyhu/ wkh ehqhwv
ri srolwlfdo frpshwlwlrq duh zhdnhqhg dqg vrph djhqf| uhqwv uhpdlq1 Wkh vwuxjjoh
wr fdswxuh wkrvh uhqwv dhfwv wkh srolf| rxwfrph1 Iru lqvwdqfh/ hohfwhg r!fldov
pd| kdyh dq lqfhqwlyh wr h{sdqg wd{ uhyhqxhv/ vlqfh wkdw pdnhv lw hdvlhu wr uhds
uhqwv iurp r!fh1
Exw wkhuh duh dovr frq lfwlqj lqwhuhvwv ri glhuhqw srolwlfldqv derxw krz wr
vsolw dydlodeoh uhqwv1 Wkh uhvroxwlrq ri wklv frq lfw ghshqgv rq wkh frqvwlwxwlrq/
dv wkh ghwdlov ri wkh ghflvlrq0pdnlqj surfhgxuh ghwhuplqh zkr kdv wkh srzhu wr
h{sorlw wkh srolwlfdo uhqwv iru klv rzq ehqhw1 Glhuhqw frqvwlwxwlrqv pd| dovr eh
pruh ru ohvv xvhixo iru doorzlqj wkh yrwhuv wr frqwuro wkhlu hohfwhg srolwlfldqv e|
kroglqj wkhp dffrxqwdeoh lq jhqhudo hohfwlrqv1
Zh glylgh wkh pdwhuldo lqwr wkuhh sduwv1 Wkh glylvlrq sduwo| uh hfwv phwkrgro0
rj|/ sduwo| vxevwdqfh1 Lq Sduw L/ zh irfxv rq phgldq0yrwhu htxloleuld wkdw dsso| wr
srolf| lvvxhv zkhuh glvdjuhhphqw ehwzhhq yrwhuv lv olnho| wr eh rqh0glphqvlrqdo1
Dv wkh srolwlfdo phfkdqlvp lv vr vlpsoh/ zh fdq dgg pruh hfrqrplf vwuxfwxuh1 Zh
wkxv vwxg| wkh jhqhudo uhglvwulexwlyh surjudpv/ zklfk duh w|slfdo ri wkh prghuq
zhoiduh vwdwh1 Vshflfdoo|/ zh ghdo zlwk uhglvwulexwlrq ehwzhhq ulfk dqg srru/
ehwzhhq |rxqj dqg rog/ hpsor|hg dqg xqhpsor|hg/ uhvlghqwv ri glhuhqw uhjlrqv/
dqg oderu dqg fdslwdo1 Zh fdq wklqn ri wkhvh phgldq0yrwhu htxloleuld dv lpsoh0
phqwhg lq Grzqvldq hohfwrudo frpshwlwlrq ehwzhhq yrwh0pd{lpl}lqj fdqglgdwhv
+sduwlhv,1 Exw wkh htxloleuld lq Sduw L duh suhihuhqfh lqgxfhg/ lq wkdw wkh| rqo|
ghshqg rq wkh glvwulexwlrq ri lqglylgxdo suhihuhqfhv1
Iru pdq| dvshfwv ri sxeolf qdqfh/ krzhyhu/ wkh vlpsolfdwlrq wr srolf|
frq lfw dorqj d vlqjoh glphqvlrq lv wrr kdug wr vzdoorz1 Pruh jhqhudo pxowl0
6Vwljohu +4<:4, dqg Zlwwpdq +4<;<, dujxh dorqj wkhvh olqhv1
7glphqvlrqdo srolflhv jhqhudwh pruh qduurzo| ghqhg vshfldo lqwhuhvwv1 Vxfk vlwx0
dwlrqv uhtxluh suhflvh lqvwlwxwlrqdo dvvxpswlrqv wr ryhufrph wkh sureohpv srvhg
e| Duurz*v lpsrvvlelolw| wkhruhp1 Zh looxvwudwh d qxpehu ri srvvlelolwlhv lq Sduw
LL/ rq vshfldo lqwhuhvw srolwlfv1 Khuh/ rxu dssurdfk lv wkh rssrvlwh wr wkdw lq Sduw
L1 Wkxv/ zh vlpsoli| rq wkh hfrqrplf iurqw/ e| vwxg|lqj d frpprq sureohp ri
orfdo/ jurxs0vshflf/ sxeolf jrrgv surylvlrq1 Krzhyhu/ zh looxvwudwh d qxpehu
ri dowhuqdwlyh dssurdfkhv iru dqdo|}lqj krz wkh uhvxowlqj srolf| frq lfw pd| eh
uhvroyhg1 Hdfk ri wkhvh dssurdfkhv kljkoljkwv d glhuhqw dvshfw ri wkh srolwlfdo
surfhvv dqg wkhuhiruh vxjjhvwv glhuhqw ghwhuplqdqwv ri zklfk jurxsv zloo jdlq
dqg zklfk zloo orvh1 Vshflfdoo|/ zh vwxg| ohjlvodwlyh edujdlqlqj/ oree|lqj/ dqg
hohfwrudo frpshwlwlrq/ dv zhoo dv wkh srvvleoh lqwhudfwlrqv ehwzhhq wkhvh glhuhqw
irupv ri srolwlfdo dfwlylw|1 Wkh htxloleuld lq Sduw LL duh vwuxfwxuh lqgxfhg/l qw k d w
wkh| fuxfldoo| ghshqg rq wkh dvvxphg lqvwlwxwlrqv1
Ilqdoo|/ Sduw LLL ghdov zlwk d vhw ri txhvwlrqv wkdw fdq eh eurxjkw wrjhwkhu
xqghu wkh odeho ri frpsdudwlyh srolwlfv/ dv zh ghdo zlwk srolf| fkrlfh xqghu dowhu0
qdwlyh srolwlfdo frqvwlwxwlrqv1 Exw qrz/ zh h{solflwo| ylhz d srolwlfdo frqvwlwxwlrq
dv dq lqfrpsohwh frqwudfw1 Srolwlfldqv fdqqrw frpplw wr yhuldeoh vwdwh frqwlq0
jhqw hohfwrudo surplvhv/ zklfk djjudydwhv wkh djhqf| sureohpv ehwzhhq yrwhuv
dqg hohfwhg uhsuhvhqwdwlyhv1 Dffruglqj wr wklv dssurdfk/ wkh uhdvrq zk| glhu0
hqw frqvwlwxwlrqv pd| surgxfh v|vwhpdwlfdoo| glhuhqw srolf| fkrlfhv lv wkdw wkh|
hqwdlo glhuhqw doorfdwlrqv ri frqwuro uljkwv wr srolwlfldqv dqg yrwhuv1 Zh looxv0
wudwh vrph nh| lghdv lq wklv qdvfhqw olwhudwxuh/ gudzlqj rq wkh uhvxowv lq suhylrxv
sduwv1 Vshflfdoo|/ zh prgho vrph vw|ol}hg ihdwxuhv ri frqjuhvvlrqdo dqg sduold0
phqwdu| srolwlfdo v|vwhpv/ dujxlqj wkdw wkhlu glhuhqw doorfdwlrqv ri sursrvdo dqg
yhwr uljkwv kdyh lpsruwdqw frqvhtxhqfhv iru krz zhoo yrwhuv fdq frqwuro uhqw h{0
wudfwlrq e| wkhlu srolwlfdo uhsuhvhqwdwlyhv/ dqg iru krz uhglvwulexwlrq dqg sxeolf
jrrgv surylvlrq duh wudghg r lq wkh ohjlvodwlyh surfhvv1
Hdfk ri wkh wkuhh sduwv vwduwv zlwk d jhqhudo lqwurgxfwlrq surylglqj d pruh
ghwdlohg urdg pds wr wkh iroorzlqj vhfwlrqv1 Zh w|slfdoo| jlyh uhihuhqfhv wr wkh nh|
frqwulexwlrqv rq zklfk zh exlog dw wkh ehjlqqlqj ri hdfk vhfwlrq dqg lq frqqhfwlrq
zlwk wkh pdlq uhvxowv1 Pruh h{whqvlyh uhihuhqfhv duh lqvwhdg froohfwhg lq vshfldo
vxevhfwlrqv odehohg Qrwhv rq wkh olwhudwxuh dw wkh hqg ri hdfk vhfwlrq1
8Sduw L
Jhqhudo uhglvwulexwlyh srolwlfv
Rqh ri wkh sulph jrdov ri srolwlfdo hfrqrplfv lv wr vwxg| wkh srolf| lpsolfdwlrqv
ri frq lfwlqj lqwhuhvwv dprqj lqglylgxdo flwl}hqv1 Lq wklv uvw/ sduw zh vwxg|
frq lfw dqg khwhurjhqhlw| lq wkh vlpsohvw srvvleoh srolwlfdo vhw0xs1 Zh prvwo|
frqqh rxuvhoyhv wr srolwlfdo htxloleuld/ zklfk h{foxvlyho| uh hfw wkh Roeseoe?Ser
ri wkh flwl}hqv1 H{fhsw lq wkh yhu| odvw vhfwlrq/ dq htxloleulxp srolf| lv d vr0
fdoohg Frqgrufhw zlqqhu> wkdw lv/ lw fdqqrw eh ehdwhq e| dq| rwkhu srolf| lq d
sdlu0zlvh pdmrulw| yrwh1 Vxfk srolflhv rqo| h{lvw xqghu uhvwulfwlyh frqglwlrqv rq
yrwhuv* suhihuhqfhv> wkh fodvvlfdo frqglwlrq uhtxluhv yrwhuv* suhihuhqfhv wr eh vlq0
joh shdnhg1 Hyhq wkrxjk zh fdq doorz voljkwo| pruh jhqhudo frqglwlrqv/ zh pxvw
hvvhqwldoo| dvvxph wkdw wkh srolwlfdo sureohp lv rqh0glphqvlrqdohlwkhu ehfdxvh
wkh srolf| vsdfh lwvhoi lv rqh0glphqvlrqdo/ ru ehfdxvh yrwhuv* suhihuhqfhv ryhu d
pxowl0glphqvlrqdo srolf| duh vprrwk hqrxjk wr doorz wkhlu glvdjuhhphqw wr eh
surmhfwhg rq d vlqjoh0glphqvlrqdo vsdfh17 Li wkhvh frqglwlrqv duh vdwlvhg/ d srolw0
lfdo htxloleulxp vhohfwv wkh srolf| suhihuuhg e| wkh yrwhu zlwk phgldq suhihuhqfhv1
Iru wklv uhdvrq/ vxfk htxloleuld duh riwhq fdoohg phgldq yrwhu htxloleuld1
Phgldq0yrwhu htxloleuld kdyh lqghhg ehhq h{whqvlyho| vwxglhg e| hfrqrplvwv1
Rqh h{sodqdwlrq lv xqgrxewhgo| hdvh ri dqdo|vlv= vxfk htxloleuld edvlfdoo| frq0
vwlwxwh wkh vroxwlrq wr dq rswlpdo wd{dwlrq sureohp/ jlyhq d yhu| vshfldo vrfldo
zhoiduh ixqfwlrq/ zkhuh rqo| wkh xwlolw| ri wkh phgldq lqglylgxdo fduulhv srvlwlyh
zhljkw1 Wkh vlpsoh srolwlfdo vhwwlqj kdv wkh yluwxh ri hqdeolqj wkh uhvhdufkhu wr
vwxg| ulfkhu srolf| sureohpv dqg pruh frpsoh{ hfrqrplf hqylurqphqwv1 Dqrwkhu
h{sodqdwlrq iru wkhlu srsxodulw| pd| eh wkdw phgldq yrwhu htxloleuld lghqwli|
vrph ri wkh edvlf srolwlfdo irufhv vkdslqj hfrqrplf srolf|1 Yluwxdoo| hyhu|rqh
glvolnhv wkh htxloleulxp srolf|1 Exw kdoi wkh hohfwrudwh zdqwv wr pryh srolf| lq
rqh gluhfwlrq/ dqg wkh rwkhu kdoi zdqwv wr pryh lw lq wkh rssrvlwh gluhfwlrq1 Wklv
ixqgdphqwdo edodqfh ri srolwlfdo irufhv grhv qrw uh hfw srolwlfdo lqvwlwxwlrqv/ zklfk
pd| lq wkhpvhoyhv eh hqgrjhqrxv wr wkh srolwlfdo surfhvv1 Lq wklv vhqvh/ d ph0
gldq yrwhu rswlpxp uhvhpeohv d Zdoudvldq htxloleulxp= rqfh zh kdyh uhdfkhg dq
7Wkh olwhudwxuh lqfoxghv d qxpehu ri jhqhudol}dwlrqv ri wkh vlqjoh0shdnhgqhvv frqglwlrq1 Wkh
pdlq rqhv duh wkh prqrwrqlflw| frqglwlrq ri Urehuwv +4<::,/ wkh lqwhuphgldwh suhihuhqfh frqgl0
wlrq ri Judqgprqw +4<:;,/ dqg wkh rughu0uhvwulfwhg suhihuhqfhv ri Urwkvwhlq +4<<3,1 Jdqv dqg
Vpduw +4<<9, glvfxvv d xvhixo vlqjoh furvvlqj frqglwlrq/ zklfk lqfrusrudwhv wkh rwkhuv dv vshfldo
fdvhv1
9htxloleulxp/ ixqgdphqwdo irufhv whqg wr nhhs srolf| lq sodfh1
Exw dv gluhfw yrwlqj ryhu sdluv ri srolf| lv uduh lq prghuq ghprfudflhv/ lw lv
qdwxudo wr dvn zkdw srolwlfdo lqvwlwxwlrqv frxog eulqj derxw d phgldq yrwhu htxl0
oleulxp1 Wkh prvw frqylqflqj phfkdqlvp zdv douhdg| vxjjhvwhg lq wkh fodvvlfdo
vwxg| e| Grzqv +4<8:,= hohfwrudo frpshwlwlrq ehwzhhq wzr r!fh0prwlydwhg fdq0
glgdwhv/ +sduwlhv,/ zkr rqo| fduh derxw zlqqlqj wkh hohfwlrq dqg fdq pdnh elqglqj
hohfwrudo surplvhv/ gulyhv erwk fdqglgdwhv wr wkh srolf| suhihuuhg e| wkh phgldq
yrwhu1 Wkhvh fdqglgdwhv wkxv ehfrph wkh dqdorj ri wkh Zdoudvldq dxfwlrqhhu1
Wkh h{lvwhqfh frqglwlrqv iru phgldq0yrwhu htxloleuld pd| eh vwulqjhqw1 Exw wkhuh
duh srolf| lvvxhv frqfhuqlqj doo flwl}hqv dw odujh/ vxfk dv wkh vl}h ri eurdg uhglv0
wulexwlyh surjudpv/ zkhuh lw fdq eh dujxhg wkdw wkh yrwhuv* glvdjuhhphqw whqgv
wr eh doljqhg rq d vlqjoh glphqvlrq iurp/ vd|/ ohiw wr uljkw1 Lq vxfk lqvwdqfhv/
wkh dvvxpswlrq ri rqh0glphqvlrqdo khwhurjhqhlw| ri yrwhuv pd| qrw eh d edg uvw
dssur{lpdwlrq/ lq zklfk fdvh wkh phgldq yrwhu htxloleulxp lv d qdwxudo vroxwlrq
frqfhsw18
Lw lv wkxv lpsruwdqw wr fkrrvh dq dssursuldwh grpdlq iru wkh dqdo|vlv1 Df0
fruglqjo|/ zh frqqh wklv uvw sduw wr eurdg uhglvwulexwlyh surjudpv1 Wkh jhqhudo
txhvwlrq dgguhvvhg lq wklv sduw lv krz yrwhuv* suhihuhqfhv vkdsh vxfk surjudpvB
Vhfwlrq 5 vwxglhv uhglvwulexwlrq ehwzhhq ulfk dqg srru yrwhuv1 Khuh/ khwhur0
jhqhlw| lv rqh0glphqvlrqdo/ dqg yrwhuv* suhihuhqfhv ryhu d jhqhudo lqfrph wd{ duh
prqrwrqlfdoo| uhodwhg wr wkhlu lglrv|qfudwlf surgxfwlylw|1 Wkh pdlq uhvxow lv wkdw
wkh vl}h ri uhglvwulexwlyh surjudpv lqfuhdvhv zlwk d vshflf phdvxuh ri suh0wd{
lqfrph lqhtxdolw|1
Vhfwlrq 6 vwxglhv wkh frq lfw ehwzhhq |rxqj dqg rog1Q r z / w k h u h d u h w z r
glphqvlrq ri khwhurjhqhlw|/ dqg yrwhuv* suhihuhqfhv ryhu wkh jhqhurvlw| ri wkh
shqvlrq v|vwhp duh v|vwhpdwlfdoo| uhodwhg wr wkhlu djh/ dv zhoo dv wkhlu lqfrph1
Odujh sxeolf shqvlrqv duh vxssruwhg e| d frdolwlrq ri srru dqg hoghuo| yrwhuv/
dqg wkh vl}h ri vrfldo vhfxulw| dovr h{fhhgv wkh vrfldo rswlpxp/ ehfdxvh ixwxuh
jhqhudwlrqv ri wd{ sd|huv fdqqrw sduwlflsdwh lq wkh yrwlqj1
Vhfwlrq 7 lv ghyrwhg wr wkh frq lfw ehwzhhq hpsor|hg dqg xqhpsor|hg lqglylg0
xdov1 Lw lv wkhq wkh hpsor|phqw vwdwxv/ ru wkh ulvn ri ehfrplqj xqhpsor|hg/ wkdw
vkdshv wkh suhihuhqfhv ryhu wkh jhqhurvlw| ri xqhpsor|phqw lqvxudqfh dqg wkh
vwuxfwxuh ri rwkhu oderu pdunhw surjudpv1 Wkh srzhuixo pdmrulw| ri lqvlghuv
zlwk vwdeoh mrev vxssruw dq ryhu0uhjxodwhg oderu pdunhw dqg xqghu0surylvlrq ri
8Srroh dqg Urvhqwkdo +4<<4, surylgh h{whqvlyh klvwrulfdo hylghqfh wkdw wkh yrwlqj sdwwhuq ri
XV Frqjuhvvphq fdq odujho| eh uhsuhvhqwhg e| d vlqjoh glphqvlrq/ dqg vxjjhvw wkdw wklv vlqjoh
glphqvlrq ri glvdjuhhphqw fdq eh lqwhusuhwhg dv ohiw0wr0uljkw lq wkh wudglwlrqdo lghrorjlfdo vhqvh1
:xqhpsor|phqw lqvxudqfh1
Vhfwlrq 8 frqvlghuv uhjlrqdo frq lfw1 Wkh iudphzrun lv vlplodu wr Vhfwlrq
51 Exw qrz/ lqglylgxdov ehorqj wr wzr glhuhqw uhjlrqv/ zklfk kdyh glhuhqw
dyhudjh lqfrphv1 Zh vwxg| krz uhglvwulexwlyh srolflhv lqwhudfw zlwk wkh ghflvlrq
wr lqwhjudwh ru vhsdudwh wkh wzr uhjlrqv/ zkhq wkhuh duh h!flhqf| jdlqv iurp
lqwhjudwlrq1 Rq wkh rqh kdqg/ uhglvwulexwlrq fkdqjhv wkh lqfhqwlyhv wr lqwhjudwh/
zhdnhqlqj wkhp iru ulfk uhjlrqv dqg vwuhqjwkhqlqj wkhp iru srru rqhv1 Rq wkh
rwkhu kdqg/ wkh wkuhdw ri uhjlrqdo vhfhvvlrq fdq olplw wkh vfrsh ri htxloleulxp
u h g l v w u l e x w l r ql qd ql q w h j u d w h gq d w l r q 1
Ilqdoo|/ Vhfwlrq 9 dqdo|}hv wkh frq lfw ehwzhhq oderu dqg fdslwdo1K h u h / z h
vwxg| krz wkh doorfdwlrq ri wkh wd{ exughq ehwzhhq wkhvh wzr lqsxwv lv ghwhuplqhg1
Yrwhuv* suhihuhqfhv ryhu wkh vwuxfwxuh ri wkh wd{ v|vwhp suhglfwdeo| klqjh rq wkh
uhodwlyh lpsruwdqfh ri wkhvh wzr wd{ edvhv lq wkhlu lqfrph1 Lq htxloleulxp/ wd{hv
rq fdslwdo duh kljkhu wkdq zkdw lv vrfldoo| rswlpdo/ vlqfh fdslwdo lqfrph lv pruh
frqfhqwudwhg dqg d pdmrulw| ri yrwhuv sulpdulo| uho| rq lqfrph iurp oderu1 Dv
phqwlrqhg deryh/ wkh phgldq0yrwhu htxloleuld fdq eh lpsohphqwhg lq Grzqvldq
hohfwrudo frpshwlwlrq1 Exw dsshdolqj wr vxfk frpshwlwlrq zlwkrxw vwxg|lqj lwv
irxqgdwlrqv lv qrw vdwlvidfwru|1 Pruhryhu/ wkh Grzqvldq prgho ri uhsuhvhqwdwlyh
ghprfudf| lv kljko| txhvwlrqdeoh lq vrph dssolfdwlrqv1 Lq Vhfwlrq 9/ zh wkxv
dovr looxvwudwh d glhuhqw dssurdfk wr uhsuhvhqwdwlyh ghprfudf|1 Wklv lv wkh vr0
fdoohg flwl}hq0fdqglgdwh prgho/ zkhuh hohfwlrqv duh prghohg dv d frqwhvw ehwzhhq
rxwfrph0prwlydwhg fdqglgdwhv/ zkr kdyh h{solflwo| fkrvhq wr xqghuwdnh d frvwo|
hqwu| ghflvlrq lq rughu wr lpsohphqw wkhlu lghrorjlfdoo| suhihuuhg srolf|1
51 Ulfk yv1 srru
Krz gr yrwhuv hydoxdwh uhglvwulexwlyh surjudpvB Dqg krz pxfk lqfrph lv uhglv0
wulexwhgB Fdq ixqgdphqwdo srolwlfdo irufhv dffrxqw iru wkh revhuyhg jurzwk ri
vrfldo wudqvihuv ryhu wlph/ dv zhoo dv wkh odujh furvv0frxqwu| glhuhqfhv lq wkh vl}h
ri wkhvh wudqvihuv/ vxfk dv wkrvh phqwlrqhg lq wkh Jhqhudo LqwurgxfwlrqB Wkhvh
duh txhvwlrqv prwlydwlqj wkh olwhudwxuh vxuyh|hg lq wklv vhfwlrq1
5141 D vlpsoh prgho ri uhglvwulexwlrq
Zh vwduw zlwk d vlpsolhg yhuvlrq ri d prgho ruljlqdoo| sursrvhg e| Urphu +4<:8,
dqg Urehuwv +4<::,/ dqg h{whqghg dqg srsxodul}hg e| Phow}hu dqg Ulfkdug +4<;4,1
Zh uhirupxodwh wkh prgho voljkwo|/ wr dyrlg xqqhfhvvdu| frpsolfdwlrqv1 Frqvlghu d
;vwdwlf hfrqrp| surgxflqj d vlqjoh frpprglw|1 Lqglylgxdov glhu lq rqh glphqvlrq
rqo|/ qdpho| wkhlu wd{deoh lqfrph1 Dv hfrqrplf djhqwv/ wkh| zrun dqg frqvxph1
Dv yrwhuv/ wkh| hydoxdwh d vlpsoh uhglvwulexwlyh surjudp wkdw sd|v d oxps vxp
wr hdfk lqglylgxdo/ qdqfhg e| d sursruwlrqdo lqfrph wd{1 Ehorz/ zh glvfxvv krz
wr lqwurgxfh surjuhvvlyh wd{dwlrq1
Wkh suhihuhqfhv ri wkh |￿ lqglylgxdo duh=

￿ ' S
￿ n T E%
￿ c
zkhuh S dqg % ghqrwh frqvxpswlrq dqg ohlvxuh uhvshfwlyho|/ dqg T E lv d zhoo0
ehkdyhg frqfdyh xwlolw| ixqfwlrq1 Wkh sulydwh exgjhw frqvwudlqw lv=
S
￿  E  ,
￿ n sc
zkhuh  lv wkh lqfrph wd{ udwh/ ,￿ lqglylgxdo oderu vxsso| dqg s d oxps0vxp
wudqvihu1 Wkh uhdo zdjh lv xqlw|1 Txdvl0olqhdu suhihuhqfhv lpso| wkdw doo lqfrph
hhfwv duh devruehg e| frqvxpswlrq1 Wklv vlpsolhv wkh hhfw ri wd{ glvwruwlrqv
dqg wkh dqdo|vlv ri wkh yrwlqj htxloleulxp1
Wr prgho lqfrph glhuhqfhv/ zh dvvxph wkdw lqglylgxdo surgxfwlylw| glhuv/
dqg wkdw surgxfwlylw|/ lq wxuq/ lv htxlydohqw wr kdylqj pruh hhfwlyh wlph dydlo0





zkhuh e￿ fdswxuhv lqglylgxdo surgxfwlylw|1 Pruh surgxfwlyh lqglylgxdov kdyh d
odujhu hhfwlyh wlph hqgrzphqw/ e￿19 Zh dvvxph wkdw e￿ lv glvwulexwhg lq wkh
srsxodwlrq dffruglqj wr d nqrzq glvwulexwlrq zlwk phdq e/p h g l d q /e 6	e cdqg
d fxpxodwlyh glvwulexwlrq ixqfwlrq 8E
Lw lv hdv| wr yhuli| wkdw lq wklv vlpsoh prgho/
,
￿ ' uEnE e
￿e c +515,
zkhuh uE  neT3 ￿
% E   lv ghfuhdvlqj lq  e| frqfdylw| ri T E: Wkxv/
dv h{shfwhg/ d kljkhu wd{ udwh glvwruwv wkh oderu0ohlvxuh fkrlfh dqg lqgxfhv wkh
9Wkh ruljlqdo prgho dvvxphv wkdw lqglylgxdov rqo| kdyh gl￿huhqw surgxfwlylwlhv zkhq zrun0
lqj/ zkhuhdv zh duh lpsolflwo| dvvxplqj wkdw pruh wdohqwhg lqglylgxdov duh pruh surgxfwlyh dw
jhqhudwlqj lqfrph dv zhoo dv dw hqmr|lqj wkhlu ohlvxuh wlph1 Dv vkrzq lq wkh qh{w irrwqrwh/
krzhyhu/ txdvl0olqhdu suhihuhqfhv lpso| wkdw doo lqglylgxdov ￿qg lw rswlpdo wr frqvxph wkh vdph
dprxqw ri ohlvxuh/ zkloh pruh wdohqwhg lqglylgxdov kdyh pruh lqfrph dqg pruh frqvxpswlrq1
:Pd{lpl}h lqglylgxdo l3v xwlolw| vxemhfw wr wkh exgjhw dqg wlph frqvwudlqwv1 Wkh ￿uvw0rughu
frqglwlrq lpsolhv= 4￿￿ @ Y{+4.hl￿ol,> zkhuh d vxevfulsw ghqrwhv d ghulydwlyh1 Wdnh wkh lqyhuvh
ri Y{+￿, dqg vlpsoli| wr jhw wkh h{suhvvlrq iru ol lq wkh wh{w1 Qrwh wkdw O￿ @4 @Y{{+{l, ? 3=
<frqvxphu wr zrun ohvv1 E| rxu dvvxpswlrq wkdw 8E lv vnhzhg/ wkh glvwulexwlrq ri
lqfrph lv vnhzhg wr wkh uljkw/ lq frqiruplw| zlwk dydlodeoh gdwd lq doo frxqwulhv1
Wkurxjkrxw wklv sduw/ dyhudjh yduldeohv duh zulwwhq zlwkrxw d vxshuvfulsw1
Wkxv/ , ghqrwhv dyhudjh oderu vxsso|1 Vlqfh wkh dyhudjh ri e￿ lv e/z hk d y h,'u E  
Wkh jryhuqphqw exgjhw frqvwudlqw fdq wkhuhiruh eh zulwwhq=
s  ,uE  +516,
Srolf| lv vhw dv iroorzv1 Wzr srolwlfdo fdqglgdwhv frpshwh iru r!fh1 Wkh|
frpplw wr hohfwrudo sodwirupv irupxodwhg ryhu wkh wd{ udwh1 Zkrhyhu zlqv wkh
hohfwlrq hqdfwv klv suh0dqqrxqfhg srolf|1 Erwk fdqglgdwhv duh frpsohwho| r!fh0
prwlydwhg/ lq wkh vhqvh wkdw wkh| rqo| fduh derxw zlqqlqj wkh hohfwlrqv1 Wkh|
wkxv pd{lpl}h wkh suredelolw| ri zlqqlqj1;
5151 Htxloleulxp uhglvwulexwlrq
Frqvlghu wkh yrwhuv* suhihuhqfhv ryhu srolf|1 Ghqh wkh lqgluhfw xwlolw| ixqfwlrq
ri lqglylgxdo c ryhu /d v =
`
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zkhuh deuhihuv wr wkh sulydwh htxloleulxp fkrlfhv/ dqg zkhuh zh xvhg wkh sulydwh
exgjhw dqg wlph frqvwudlqwv dqg wkh jryhuqphqw exgjhw frqvwudlqw wr ghulyh wkh
uljkw0prvw h{suhvvlrq1
Ohw ￿ eh wkh wd{ udwh suhihuuhg e| wkh |￿ lqglylgxdo1 Wkhq/ ￿ lv lpsolflwo|
ghqhg lpsolflwo| e| wkh uvw0rughu frqglwlrq= `￿
￿E￿'f 1 Zh glhuhqwldwh wkh
uljkw0prvw h{suhvvlrq lq +517,/ qrwlqj wkdw zh fdq vhw _e ,￿
_￿ 'fe| wkh hqyhorsh
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Frqvlghu wkh uljkw0prvw h{suhvvlrq ri wklv frqglwlrq1 Wkh uvw whup lv wkh pdujlqdo
ehqhw ri d kljkhu wd{ udwh fxp uhglvwulexwlrq1 Lw lv srvlwlyh iru d yrwhu srruhu
wkdq wkh dyhudjh +e￿  e	f , dqg qhjdwlyh iru d yrwhu ulfkhu wkdq wkh dyhudjh
+e￿  e:f ,1 Wkh odvw whup lv wkh pdujlqdo frvw ri kljkhu glvwruwlqj wd{hv/ lq wkh
irup ri d vpdoohu wd{ edvh> wklv whup lv dozd|v qhjdwlyh/ dv u￿ 	 f Wkxv/ hdfk
;Wkh dujxphqw lv lghqwlfdo li zh lqvwhdg dvvxph wkdw fdqglgdwhv pd{lpl}h wkhlu h{shfwhg
yrwh vkduh1
43yrwhu wudghv r wkh pdujlqdo uhglvwulexwlyh ehqhw +ru frvw, ri wd{dwlrq djdlqvw







Dv u￿ 	 f / +519, lpsolhv wkdw d srru yrwhu +e￿ 	e suhihuv d srvlwlyh wd{ udwh/
zklfk lv odujhu wkh srruhu kh lv +wkh odujhu lv e￿ lq devroxwh ydoxh,/ zkloh d ulfk
yrwhu +e￿ :e , suhihuv dq lqfrph vxevlg| +	f ,/ qdqfhg e| d oxps0vxp wd{1
Lqglylgxdo suhihuhqfhv duh wkxv prqrwrqlf lq e￿ Ixuwkhupruh/ wkh| duh vlqjoh
shdnhg e| d qdwxudo uhvwulfwlrq rq T E
Lw lv hdv| wr vhh wkdw wkhuh lv rqo| rqh srolwlfdo htxloleulxp= erwk fdqglgdwhv
frpplw wr 6 c wkh srolf| suhihuuhg e| wkh phgldq yrwhu1 Li dq| ri wkh fdqglgdwhv
zhuh wr dqqrxqfh d glhuhqw ydoxh ￿c wkh rwkhu fdqglgdwh frxog hqvxuh ylfwru| e|
dqqrxqflqj d srolf| lq wkh lqwhuydo E￿c6Khqfh/ wkh htxloleulxp wd{ udwh/ 6c






Xs wr wkh dowhuqdwlyh prgho surylghg lq Vhfwlrq 8/ doo htxloleuld lq wklv sduw
fdq eh wkrxjkw ri dv wkh uhvxow ri wklv nlqg ri Grzqvldq hohfwrudo frpshwlwlrq1
5161 Lpsolfdwlrqv dqg hylghqfh
Wkh prgho wkxv suhglfwv wkdw wkh vl}h ri jhqhudo uhglvwulexwlyh surjudpv uh hfwv
wkh suhihuhqfhv ri wkh plggoh fodvvhv +wkh olnho| phgldq yrwhuv,/ dqg lv ghwhu0
plqhg e| wkhlu uhodwlyh srvlwlrq rq wkh lqfrph vfdoh1 E| +51:,/ wd{hv duh kljkhu
wkh juhdwhu wkh glvwdqfh ehwzhhq phgldq dqg phdq lqfrph/ d vshflf phdvxuh
ri lqfrph lqhtxdolw|1 Li wkh plggoh fodvvhv duh uhodwlyho| zhoo r/ ehfdxvh wkhuh lv
h{wuhph sryhuw|/ htxloleulxp uhglvwulexwlrq lv vpdoo1 Li wkh plggoh fodvvhv duh lq0
vwhdg uhodwlyho| zruvh r/ zlwk lqfrph kljko| frqfhqwudwhg dw wkh wrs/ htxloleulxp
uhglvwulexwlrq lv odujh1 Wkxv/ wkh prgho suhglfwv d olqn ehwzhhq vnhzhgqhvv ri
lqfrph glvwulexwlrq dqg wkh vl}h ri jhqhudo uhglvwulexwlrq vfkhphv1 Frqfhqwudwlrq
ri lqfrph dw wkh wrs pdnhv uhglvwulexwlrq pruh dwwudfwlyh iru wkh phgldq yrwhu/
dqg khqfh lqfuhdvhv wkh htxloleulxp wd{ udwh1 Exw pruh h{wuhph sryhuw| kdv wkh
rssrvlwh hhfw/ ehfdxvh lw uhgxfhv wkh ehqhw ri uhglvwulexwlrq iru wkh phgldq
yrwhu1 Dqrwkhu suhglfwlrq ri wkh prgho frqfhuqv wkh ghdgzhljkw frvwv ri wd{d0
wlrq= wkh odujhu wkhvh duhdv fdswxuhg e| wkh devroxwh ydoxh ri u￿wkh vpdoohu
44lv htxloleulxp uhglvwulexwlrq1 Qrwh/ krzhyhu/ wkdw wkh prgho uhdoo| vd|v qrwklqj
derxw vhohfwlyh/ ru wdujhwhg/ wudqvihu vfkhphv/ vxfk dv zhoiduh sd|phqwv1
Fdq wklv vlpsoh prgho h{sodlq vhfxodu jurzwk lq wkh vl}h ri uhglvwulexwlyh sur0
judpv dqg revhuyhg furvv0frxqwu| glhuhqfhvB Wzr ihdwxuhv ri wkh wkhru| fdq
srvvleo| dffrxqw iru wkh hduo| jurzwk ri uhglvwulexwlrq1 Iluvw/ wkh h{whqvlrq ri
vxudjh wr srruhu yrwhuv/ hduo| lq wklv fhqwxu|/ fhuwdlqo| uhgxfhg wkh uhodwlyh lq0
frph ri wkh phgldq yrwhu lq Zhvwhuq ghprfudflhv1 Vhfrqg/ djdlq hduo| lq wklv
fhqwxu|/ hfrqrplf surjuhvv dqg lqvwlwxwlrqdo fkdqjh yhu| olnho| uhgxfhg wkh wudqv0
dfwlrq frvwv ri froohfwlqj wd{hv/ sduwlfxoduo| lqfrph wd{hv/ dqg khqfh wkh glvwru0
wlrqv dvvrfldwhg zlwk wd{dwlrq1 Lq wkh XV/ iru lqvwdqfh/ lqfrph wd{hv rqo| ehfdph
frqvwlwxwlrqdo lq 4<461 Exw zkdw derxw wkh shulrg diwhu wkh 4<93vB Hohfwrudo
odzv glg qrw fkdqjh dqg qr pdmru lpsuryhphqwv lq wkh wd{ froohfwlrq whfkqror0
jlhv rffxuuhg/ dqg |hw jryhuqphqw wudqvihuv frqwlqxhg wr lqfuhdvh dv d iudfwlrq ri
qdwlrqdo lqfrphB
Olqghuw +4<<7,/ +4<<9, v|vwhpdwlfdoo| lqyhvwljdwhv wkhvh txhvwlrqv lq d sdqho
ri RHFG frxqwulhv/ lq wkh shulrgv 4;;304<63/ dqg 4<950;4/ uhvshfwlyho|1 Uxqqlqj
sdqho uhjuhvvlrqv wkdw dovr frqwuro iru dyhudjh lqfrph/ ghprjudsklf vwuxfwxuh
ri wkh srsxodwlrq/ dqg rwkhu yduldeohv/ kh qgv frq lfwlqj uhvxowv1 Rq wkh rqh
kdqg/ yrwhu wxuqrxw dqg uhglvwulexwlyh wudqvihuv duh srvlwlyho| uhodwhg1< Dv yrwhu
sduwlflsdwlrq lv srvlwlyho| fruuhodwhg zlwk uhodwlyh lqfrph/ wklv vxssruwv wkh wkhru|1
Pruhryhu/ kljk frqfhqwudwlrq ri lqfrph +phdvxuhg dv wkh vkduh ri wkh wrs txlqwloh
uhodwlyh wr wkdw ri wkh plggoh txlqwloh rq wkh lqfrph vfdoh, lv lqghhg srvlwlyho|
uhodwhg wr uhglvwulexwlyh wudqvihuv/ dv suhglfwhg e| wkh wkhru|1 Ilqdoo|wkrxjk wkh
hylghqfh lv vrphzkdw zhdnhusryhuw| +wkh vkduh ri wkh erwwrp txlqwloh uhodwlyh wr
wkdw ri wkh plggoh txlqwloh, lv qhjdwlyho| uhodwhg wr jryhuqphqw wudqvihuv/ zklfk
lv dovr d suhglfwlrq ri wkh wkhru|1 Lqfrph glvwulexwlrq fdq dffrxqw iru d odujh
iudfwlrq ri wkh revhuyhg furvv frxqwu| glhuhqfhv lq vshqglqj= wkh orzhu vshqglqj
lq wkh XV/ lq sduwlfxodu/ frxog eh dwwulexwhg wr orzhu yrwhu wxuqrxw dprqj srruhu
yrwhuv dqg wr pruh h{wuhph sryhuw|/ zklfk udlvhv wkh uhodwlyh srvlwlrq ri wkh
phgldq yrwhu1 Rq wkh rwkhu kdqg/ zkhq wkhvh phdvxuhv ri lqfrph glvwulexwlrq duh
uhsodfhg e| wkh vkduh ri wkh plggoh txlqwloh/ zklfk urxjko| phdvxuhv wkh uhodwlyh
srvlwlrq ri wkh phgldq yrwhu/ lw dozd|v wxuqv rxw wr eh vwdwlvwlfdoo| lqvljqlfdqw1
Wkh prgho zh kdyh glvfxvvhg lv vwdwlf1 Vlpsoh g|qdplf yhuvlrqv/ zkhuh kljkhu
uhglvwulexwlyh lqfrph wd{dwlrq kxuwv wkh lqfhqwlyhv wr lqyhvw lq sk|vlfdo ru kxpdq
fdslwdo dqg wkhuhiruh hfrqrplf jurzwk/ kdyh ehhq dqdo|}hg e| Dohvlqd dqg Urguln
+4<<7,/ Shuvvrq dqg Wdehoolql +4<<7d,/ dqg pdq| rwkhuv1 Pruh zhdowk lqhtxdolw|
<Vhh/ iru lqvwdqfh/ Vklhogv dqg Jrlgho +4<<:,1
45+lq wkh vhqvh ri orzhu phgldq uhodwlyh wr phdq zhdowk, vkrxog wkxv eh dvvrfldwhg
zlwk kljkhu wd{dwlrq dqg vorzhu jurzwk1 Dohvlqd dqg Urguln +4<<7, dqg Shuvvrq
dqg Wdehoolql +4<<7d, qg urexvw hylghqfh lq klvwrulfdo dqg furvv0frxqwu| gdwd
iru pruh lqhtxdolw| lqghhg ehlqj dvvrfldwhg zlwk vorzhu jurzwk1 Exw wklv lv rqo|
lqgluhfw hylghqfh/ dqg wkh olqn ehwzhhq lqhtxdolw| dqg jurzwk pljkw eh gxh wr
rwkhu hfrqrplf ru srolwlfdo phfkdqlvpv1 Shurwwl +4<<9, lqghhg qgv qhjdwlyh uh0
vxowv zkhq wu|lqj wr uhodwh ydulrxv phdvxuhv ri lqfrph glvwulexwlrq wr jryhuqphqw
wudqvihuv/ lq vlplodu eurdg furvv0frxqwu| gdwd1 Gdwd sureohpv duh/ krzhyhu/ olnho|
wr eh sdudprxqw lq vxfk eurdg gdwd vhwv1 Wkh hylghqfh iurp XV vwdwhv/ zkhuh
lqhtxdolw| gdwd duh pruh frpsdudeoh/ vhhpv pl{hg143
Nuxvhoo dqg Ulrv Uxoo +4<<:, lqvwhdg irfxv rq vhtxhqwldo yrwlqj ghflvlrqv lq d
ixoo0 hgjhg g|qdplf hfrqrp|1 Wkh| fdoleudwh d yhuvlrq ri d qhrfodvvlfdo jurzwk
prgho zlwk khwhurjhqhlw| lq zhdowk dqg oderu lqfrph/ zkhuh wkh vdph lqfrph
wd{ dssolhv wr erwk oderu dqg fdslwdo lqfrph1 Wkh prgho lv irupxodwhg vr wkdw
khwhurjhqhlw| rqo| dhfwv srolwlfdo ghflvlrqv/ zkhuhdv rqo| dyhudjh pdjqlwxghv
pdwwhu iru wkh hfrqrplf htxloleulxp1 D phgldq yrwhu uhvxow dssolhv/ vlplodu wr
wkdw looxvwudwhg deryh1 Exw wkh phgldq yrwhu idfhv d pruh ghpdqglqj sureohp=
wd{ udwhv duh fkrvhq vhtxhqwldoo| ryhu wlph dqg wkh ghflvlrq lq hdfk shulrg lv
wdnhq lq ixoo dqwlflsdwlrq ri krz fxuuhqw srolf| lq xhqfhv wkh srolwlfdo htxloleulxp
lq wkh qh{w shulrg wkurxjk lwv hhfw rq wkh uhohydqw vwdwh yduldeohv1 Nuxvhoo dqg
Ulrv Uxoo qxphulfdoo| frpsxwh wkh srolwlfdo htxloleulxp dqg fdoleudwh wkh vwhdg|
vwdwh ri wkh prgho wr gdwd iru wkh XV hfrqrp|1 Erwk vwhdg| vwdwh wd{ udwhv
dqg wudqvihuv duh uhpdundeo| forvh wr uhfhqw XV gdwd1 Lqwhuhvwlqjo|/ wkh prgho*v
g|qdplfv sod|v dq lpsruwdqw uroh= zlwk {hg fdslwdo dqg yduldeoh oderu vxsso|
+d vwdwlf yhuvlrq ri wkh prgho, wkh vdph qxphulfdo fdoleudwlrq lpsolhv h{fhvvlyho|
kljk wd{ dqg wudqvihu udwhv1 Wkxv/ wkh lqyhvwphqw hodvwlflw| wr wkh wd{ udwh lv
lpsruwdqw iru txdqwlwdwlyh vxffhvv1 Wkhlu sdshu/ krzhyhu/ dwwhpswv wr h{sodlq
qhlwkhu wkh vhfxodu ulvh ri wd{hv dqg wudqvihuv/ qru wkh revhuyhg furvv0frxqwu|
glhuhqfhv1
Ryhudoo/ wkhvh hpslulfdo uhvxowv duh vrphzkdw glvdssrlqwlqj= wkh vhfxodu lq0
fuhdvh lq jryhuqphqw wudqvihuv dqg wkh furvv0frxqwu| glhuhqfhv duh kxjh/ hyhq li
zh uhvwulfw wkh vdpsoh wr wkh odvw 63 |hduv1 D forvhu orrn dw wkh wlplqj ri srolf|
fkdqjhv uhyhdov d ixuwkhu zhdnqhvv1 Lq prvw frxqwulhv/ wudqvihuv urvh prvw txlfno|
lq wkh 4<93v dqg :3v/ zkhq lqfrph lqhtxdolw| zdv jhqhudoo| rq wkh ghfolqh> lq wkh
;3v dqg <3v/ lq frqwudvw/ lqhtxdolw| whqghg wr lqfuhdvh rqfh pruh/ zkloh uhglvwule0
xwlyh wudqvihuv urvh ohvv txlfno|1
43Vhh Sduwulgjh +4<<:, dqg Sdql}}d +4<<:,1
46Rqh uhdvrq zk| wkh wkhru| pd| idlo wr dffrxqw iru wkh ulvh lq jryhuqphqw
wudqvihuv lq wkh odvw 63 |hduv lv wkdw wkh gdwd rq wudqvihuv gr qrw w wkh wkhru|
yhu| zhoo1 Shqvlrqv dqg khdowk0uhodwhg wudqvihuv duh wkh prvw udslgo| jurzlqj
frpsrqhqwv ri jryhuqphqw wudqvihuv1 Dv wkhvh v|vwhpdwlfdoo| ehqhw roghu lqgl0
ylgxdov/ wkh vlpsoh phgldq yrwhu prgho deryh qhhgv wr eh prglhg wr doorz iru
khwhurjhqhlw| lq djh1 Wklv lv grqh lq wkh qh{w vhfwlrq1 Rwkhu wudqvihuv ehorqj
wr vrfldo lqvxudqfh/ vxfk dv wudqvihuv wr wkh xqhpsor|hg1 Wklv nlqg ri vshqglqj
dovr glhuv d juhdw ghdo dfurvv frxqwulhv1 Vhfwlrq 7 lqyhvwljdwhv wkh ghwhuplqdqwv
ri xqhpsor|phqw lqvxudqfh/ zklfk dovr glhuv iurp vlpsoh uhglvwulexwlrq ehwzhhq
ulfk dqg srru yrwhuv lq vhyhudo zd|v1 \hw rwkhu wudqvihuv duh yhu| fohduo| wdujhwhg
wr pruh qduurz jurxsv1 Vxfk wudqvihuv/ dqg wkh dvvrfldwhg vshfldo lqwhuhvw srolwlfv/
lv wkh wrslf ri Sduw LL1
5171 Qrwhv rq wkh olwhudwxuh
Wkh wkhru| lq wklv vhfwlrq lv edvhg rq Urphu +4<:8,/ Urehuwv +4<::, dqg Phow}hu
dqg Ulfkdug +4<;4,1 Lw lv vwudljkwiruzdug wr dgg sxeolf frqvxpswlrq/ dv dq dggl0
wlrqdo srolf| lqvwuxphqw ru wr uhsodfh wkh oxps0vxp wudqvihu/ surylghg wkh ehqhwv
ri sxeolf frqvxpswlrq duh qrw frqfhqwudwhg wr sduwlfxodu lqfrph jurxsv1 Phow}hu
dqg Ulfkdug +4<;8, vkrz wkdw wkh vdph lqfhqwlyhv wr uhglvwulexwh lq fdvk wkhq
dulvh zlwk uhvshfw wr uhglvwulexwlrq lq nlqg1 Fxnlhupdq dqg Phow}hu +4<<4, uh0
sodfh wkh sursruwlrqdo lqfrph wd{ zlwk d wkuhh0sdudphwhu wd{ vfkhgxoh1 Xqghu
sodxvleoh frqglwlrqv rq vnhzqhvv ri lqfrph glvwulexwlrq dqg oderu vxsso| hodv0
wlflw|/ d phgldq yrwhu htxloleulxp h{lvwv dqg wkh ghflvlyh yrwhu fkrrvhv pdujlqdo
surjuhvvlylw|1 Show}pdq +4<;3, lv dq lq xhqwldo hduo| frqwulexwlrq/ edvhg rq d
yhu| glhuhqw srolwlfdo prgho dqg uhdfklqj yhu| glhuhqw frqfoxvlrqv1
D odujh hpslulfdo olwhudwxuh rq wkh ghwhuplqdqwv ri wkh vl}h ri uhglvwulexwlyh
surjudpv lv vxuyh|hg lq Pxhoohu +4<;<,1 Wkh suhglfwlrq wkdw kljkhu lqfrph lq0
htxdolw| dprqj yrwhuv ohdgv wr lqfuhdvhg jryhuqphqw uhglvwulexwlrq kdv uhfhlyhg
sduwlfxodu dwwhqwlrq lq hpslulfdo vwxglhv1 Olqghuw +4<<7,/ +4<<9, h{dplqhv d sdqho
ri RHFG frxqwulhv zlwk pl{hg uhvxowv1 Wkh wkhru| lv lqvwhdg vxssruwhg e| wkh
dqdo|vlv ri XV wlph vhulhv gdwd lq Phow}hu dqg Ulfkdug +4<;6,/ dqg e| wkh gli0
ihuhqw dssurdfk/ edvhg rq fdoleudwlrq/ ri Nuxvhoo dqg Ulrv Uxoo +4<<:,1 Ilqdoo|/
Kxvwhg dqg Nhqq| +4<<:, vkrz wkdw wkh h{sdqvlrq ri yrwlqj iudqfklvh lv srvl0
wlyho| fruuhodwhg zlwk wkh vl}h ri uhglvwulexwlyh surjudpv e| XV vwdwhv dqg orfdo
jryhuqphqwv1
Hpslulfdo uhvhdufk dovr lqyhvwljdwhg wkh lghd wkdw wkh h{sdqvlrq ri uhglvwulex0
47wlyh surjudpv fdq eh dwwulexwhg wr d uhgxfwlrq lq wkh dgplqlvwudwlyh frvwv ri wd{
froohfwlrq dqg wkh ghdg0zhljkw frvwv ri wd{dwlrq1 Hpslulfdo vxssruw lv surylghg
e| wkh zrunv ri Ehfnhu +4<;8,/ Qruwk +4<;8,/ Ndx dqg Uxelq +4<;4, dqg/ pruh
uhfhqwo|/ Ehfnhu dqg Pxooljdq +4<<;,1
D uhfhqw olwhudwxuh kdv vwxglhv wkh olqnv ehwzhhq uhglvwulexwlyh srolflhv/ lqfrph
lqhtxdolw| dqg jurzwk1 Dohvlqd dqg Urguln +4<<7, dqg Shuvvrq dqg Wdehoolql
+4<<7d, surylghg wkh ruljlqdo lpshwxv1 Ehqderx +4<<9,/ Nuxvhoo/ Txdgulql dqg
Ulrv0Uxoo +4<<:,/ dqg Shuvvrq dqg Wdehoolql +4<<;, vxuyh| wkh wkhru| rq lqhtxdolw|
dqg jurzwk/ zkloh Shurwwl +4<<9, glvfxvvhv wkh hpslulfdo qglqjv rq furvv frxqwu|
gdwd1 Wkh hylghqfh frplqj iurp XV vwdwhv/ vwxglhg e| Sduwulgjh +4<<:, dqg
Sdql}}d +4<<:,/ grhv qrw vxjjhvw vwurqj frqfoxvlrqv1
61 \rxqj yv1 rog
Zk| kdyh shqvlrq h{shqglwxuhv ulvhq vr udslgo| lq doo frxqwulhv lq wkh srvwzdu
shulrg/ dqg zlwk vr olwwoh srolwlfdo rssrvlwlrqB Zkdw srolwlfdo irufhv vwdqg lq
wkh zd| ri shqvlrq uhirupv lq prvw lqgxvwuldo frxqwulhvB Dqg krz fdq d uhirup
sdfndjh eh ghvljqhg vr dv wr eh srolwlfdoo| ihdvleohB Wkhvh duh wkh txhvwlrqv
prwlydwlqj wklv vhfwlrq1 Zh exlog rq wkh vlpsoh phgldq0yrwhu prgho ri Vhfwlrq
5/ exw dgg d vhfrqg glphqvlrq ri khwhurjhqhlw|/ djh1 Sxeolf shqvlrqv uhglvwulexwh
erwk dfurvv dqg zlwklq jhqhudwlrqv/ dqg lqwud0jhqhudwlrqdo uhglvwulexwlrq lv d
uhdolvwlf ihdwxuh ri doo shqvlrq v|vwhpv1 Wklv sod|v d nh| uroh lq wkh srolwlfdo
htxloleulxp/ dv yrwhuv* frdolwlrqv irup dorqj wzr glphqvlrqv= djh dqg lqfrph1
Wkh wzr0glphqvlrqdo ihdwxuh ri frdolwlrq irupdwlrq vrphzkdw frpsolfdwhv wkh
dqdo|vlv1 Lw lv xvhixo vwxg| wklv lq ghwdlo/ krzhyhu/ dv wklv looxvwudwhv krz rqh pd|
frpsxwh phgldq yrwhu htxloleuld zlwk pxowlglphqvlrqdo khwhurjhqhlw|1
6141 D vlpsoh prgho ri shqvlrqv
Frqvlghu dq ryhuodsslqj jhqhudwlrqv hfrqrp|/ zkhuh hdfk jhqhudwlrq olyhv iru
wkuhh shulrgv dqg srsxodwlrq jurzwk lv frqvwdqw1 Wkhuh lv qr dowuxlvp dfurvv
jhqhudwlrqv1 Lqglylgxdov zrun lq wkh uvw wzr shulrgv ri olih/ dqg uhwluh lq wkh odvw
shulrg1 Wkh| fdq lqyhvw wkhlu vdylqjv rq d zruog0zlgh fdslwdo pdunhw dw d jlyhq
udwh ri uhwxuq1 Zlwklq hdfk jhqhudwlrq/ oderu lqfrph lv khwhurjhqhrxv1 Dv lq wkh
suhylrxv vhfwlrq/ vrph lqglylgxdov kdyh pruh hhfwlyh wlph wr doorfdwh ehwzhhq
oderu dqg ohlvxuh> wkhvh surgxfwlylw| glhuhqfhv duh shupdqhqw wkurxjkrxw olih1
D sursruwlrqdo lqfrph wd{ ohylhg rq zrunlqj jhqhudwlrqv sd|v iru wkh shqvlrqv ri
48wkh uhwluhhv1 D shqvlrq frqvlvwv ri wkh vdph qrq0qhjdwlyh oxps0vxp sd|phqw iru
hyhu| rog lqglylgxdo1 Wkxv/ wkh shqvlrq v|vwhp uhglvwulexwhv dfurvv/ dqg zlwklq/
jhqhudwlrqv1 Iru vlpsolflw|/ zh wuhdw wkh shqvlrq v|vwhp lq lvrodwlrq iurp rwkhu
sduwv ri wkh exgjhw> wkxv/ wd{hv duh rqo| froohfwhg wr qdqfh shqvlrqv wr wkh rog
xqghu d edodqfhg exgjhw/ zkhuhdv zrunlqj jhqhudwlrqv uhfhlyh qr wudqvihuv1
















zkhuh B ghqrwhv wkh vxemhfwlyh glvfrxqw udwh> wkh qrwdwlrq rwkhuzlvh frlqflghv zlwk
wkdw ri wkh suhylrxv vhfwlrq/ h{fhsw wkdw wkh xsshu0fdvh vxshuvfulswv ghqrwh wkh
shulrg ri olih1 Olqhdulw| ri frqvxpswlrq zkhq rog lpsolhv wkdw doo lqfrph hhfwv
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E n 42 c +615,
zkhuh 4 ghqrwhv wkh jlyhq zruog uhdo lqwhuhvw udwh/ dqg s wkh shqvlrq uhfhlyhg
zkhq rog1 E| dvvxpswlrq/ wkh vdph wd{ udwh  lv sdlg lq erwk zrunlqj shulrgv
+vhh ixuwkhu ehorz,1 Ilqdoo|/ zh dvvxph wkdw B ' 4 Zkhq fkrrvlqj ehwzhhq oderu
dqg ohlvxuh/ lqglylgxdov idfh wkh wlph frqvwudlqw +514, lq hdfk shulrg/ dv lq wkh
suhylrxv vhfwlrq1 Wklv phdqv wkdw oderu vxsso| zkhq |rxqj dqg +sodqqhg, oderu
vxsso| zkhq plggoh0djhg duh vwloo jlyhq e| +515,1 Frqvxpswlrq zkhq |rxqj dqg
+sodqqhg frqvxpswlrq, zkhq plggoh0djhg duh jlyhq e| S ' L3￿
S Ec zlwk lqfrph
hhfwv frpsohwho| devruehg e| frqvxpswlrq zkhq rog1
D plggoh0djhg lqglylgxdo ehkdyhv lq d vlplodu idvklrq1 Kh pd{lpl}hv E n
B￿t / h{fhsw wkdw doo yduldeohv iurp |rxqj djh duh qrz jlyhq1 Dq rog lqglylgxdo/
qdoo|/ mxvw frqvxphv klv shqvlrq soxv klv dvvhwv +ru plqxv klv oldelolwlhv,1
Ohw ? eh wkh h{rjhqrxv udwh ri srsxodwlrq jurzwk1 Wkhq/ wkh jryhuqphqw
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E2 n ? c +616,
zkhuh/ dv suhylrxvo|/ qrq0vxshuvfulswhg yduldeohv ghqrwh dyhudjhv1 Iru hdfk rog
lqglylgxdo/ wkhuh duh En? plggoh0djhg dqg En?2 |rxqj lqglylgxdov> wkh uljkw0
prvw h{suhvvlrq iroorzv iurp +515, dqg vrph uhzulwlqj1 Wklv frqvwudlqw +616, lv
w|slfdo ri d edodqfhg sd|0dv0|rx0jr shqvlrq v|vwhp/ zkhuh wkh frqwulexwlrqv sdlg
e| wkh zrunlqj jhqhudwlrqv qdqfh wkh shqvlrqv ri wkh fxuuhqwo| rog1
49Dv uhdo lqwhuhvw udwhv dqg uhdo zdjhv duh erwk jlyhq lq rxu vlpsoh shuihfw iruh0
vljkw prgho/ wkh shqvlrq v|vwhp wkhuhiruh kdv wkuhh hhfwv rqo|= lw uhglvwulexwhv
dfurvv jhqhudwlrqv/ lw uhglvwulexwhv zlwklq jhqhudwlrqv/ dqg wkh wd{hv qhhghg wr
qdqfh lw glvwruw oderu0ohlvxuh fkrlfhv1 Lq d ulfkhu prgho wkh shqvlrq v|vwhp zrxog
kdyh jhqhudo htxloleulxp hhfwv yld hqgrjhqrxv idfwru sulfhv1 Lw pd| dovr surylgh
vrfldo lqvxudqfh lq wkh idfh ri lqglylgxdo lqfrph xqfhuwdlqw|1
Yrwhuv* suhihuhqfhv Krz gr glhuhqw lqglylgxdov hydoxdwh wkh jhqhurvlw| ri wkh
shqvlrq v|vwhpB Ohw xv vwduw zlwk wkh vlpsohvw fdvh ri frpsohwh frpplwphqw1
Lqglylgxdov duh wkxv dvvxphg wr yrwh ryhu  +ru/ htxlydohqwo|/ ryhu s ,1 Rqfh d
srolf| lv dssuryhg/ lw uhpdlqv iru hyhu +ru/ htxlydohqwo|/ xqwlo doo jhqhudwlrqv zkr
yrwhg iru lw kdyh glhg,1
Doo rog yrwhuv fohduo| zdqw wkh uhyhqxh pd{lpl}lqj wd{ udwh/ dv wkh| rqo|
lqwhuqdol}h ehqhwv dqg qr frvwv ri kljkhu wd{hv1 \rxqj dqg plggoh0djhg lqglylg0
xdov/ krzhyhu/ edvh wkhlu srolf| suhihuhqfhv rq erwk lqfrph dqg djh1 Jhqhudoo|/
srruhu dqg roghu lqglylgxdov suhihu kljkhu sxeolf shqvlrqv/ dv wkh| ehqhw pruh
iurp hlwkhu lqwud0jhqhudwlrqdo ru lqwhu0jhqhudwlrqdo uhglvwulexwlrq1
Vshflfdoo|/ frqvlghu d |rxqj yrwhu ri w|sh c dqg ohw ` ￿tE eh klv lqgluhfw
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zkhuh deghqrwhv d sulydwho| rswlpdo fkrlfh/ dv lq wkh suhylrxv vhfwlrq/ dqg zkhuh
wkh uljkw0prvw h{suhvvlrq iroorzv iurp +515,/ +616, dqg vrph pdqlsxodwlrqv1 Wkh
h{suhvvlrqv lq +617, duh hdvlo| lqwhusuhwhg= lqfuhdvlqj  hqwdlov d ehqhw zkhq rog
+wkh odvw whup, dqg d frvw lq wkh uvw wzr shulrgv ri olih/ gxh wr kljkhu wd{hv
+wkh uvw whup,1 Wkh ehqhw lv wkh vdph iru doo |rxqj yrwhuv1 Exw wkh frvw ri
kljkhu wd{hv lv kljkhu iru wkh ulfkhu dprqj wkh |rxqj +l1h1/ iru wkrvh zlwk d kljkhu
e￿ Pruhryhu/ kljkhu srsxodwlrq jurzwk ? pdnhv sxeolf shqvlrqv pruh dwwudfwlyh/
ehfdxvh wkh vdph wd{ udwh qrz jlyhv d kljkhu shqvlrq1 D kljkhu uhdo lqwhuhvw udwh
4 zrxog kdyh wkh rssrvlwh hhfw/ uhgxflqj wkh suhvhqw ydoxh ri qhw ehqhwv iurp
wkh shqvlrq v|vwhp1
Frqvlghu wkh vshfldo/ jroghq0uxoh/ fdvh ri 4 ' ? Vhwwlqj +617, htxdo wr }hur/
zh jhw d frqglwlrq lghqwlfdo wr +518,/ wkdw lv/ wkh frqglwlrq iru wkh rswlpdo wd{
4:udwh lq wkh vwdwlf prgho ri wkh suhylrxv vhfwlrq$ Zkhq 4 ' ?c wkh dyhudjh |rxqj
lqglylgxdo +zlwk e￿t ' e￿ ' e, jdlqv qrwklqj iurp wkh vrfldo0vhfxulw| v|vwhp1 Exw
v l q f hw d { h vd u hg l v w r u w l q j /k hs u h i h u v'f Wkh vrfldo vhfxulw| v|vwhp ehfrphv
dwwudfwlyh iru wkh dyhudjh |rxqj rqo| li 4	? \rxqj yrwhuv srruhu wkdq dyhudjh
+e￿ 	e ,/ rq wkh rwkhu kdqg/ suhihu :fhyhq li 4 ' ?c dv wkh| vwdqg wr jdlq iurp
wkh lqwud0jhqhudwlrqdo uhglvwulexwlrq/ mxvw dv lq wkh prgho ri wkh suhylrxv vhfwlrq1
Ilqdoo|/ frqvlghu d plggoh0djhg yrwhu ri w|sh  E| wkh vdph orjlf/ d pdujlqdo
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Frpsdulqj wklv h{suhvvlrq zlwk +617,/ wkh pdujlqdo ehqhw ri shqvlrqv lv qrz
kljkhu ehfdxvh lw lv forvhu lq wlph/ dqg wkh pdujlqdo frvw lv orzhu ehfdxvh wd{hv
duh qrz rqo| sdlg iru rqh shulrg1 Wkxv/ d yrwhu zlwk wkh vdph uhodwlyh lqfrph
srvlwlrq e￿t ' e￿￿ ' e￿ suhihuv d kljkhu wd{ udwh zkhq plggoh0djhg wkdq zkhq
|rxqj1 Lq sduwlfxodu/ wkh dyhudjh +e￿￿ ' e, plggoh0djhg yrwhu zrxog suhihu :f c
hyhq li 4 ' ?c wkrxjk kh zrxog vwrs vkruw ri ixoo uhyhqxh pd{lpl}dwlrq1
E| +617, dqg +618,/ zh fdq lghqwli| d sdlu ri |rxqj dqg plggoh0djhg lqglylg0
xdov zkr dozd|v yrwh dolnh1 Vhwwlqj wkh uljkw0prvw h{suhvvlrqv lq hdfk ri wkhvh
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Iru dq| |rxqj yrwhu ri w|sh e￿t / wkhuh lv wkxv dozd|v d plggoh0djhg yrwhu ri w|sh
e￿￿ zlwk lghqwlfdo srolf| suhihuhqfhv1 Wklv plggoh0djhg yrwhu lv ulfkhu wkdq klv
|rxqj frxqwhusduw/ e| +619, e￿￿ :e ￿t Wkh lqwxlwlrq zdv jlyhq deryh> roghu yrwhuv
idyru vrfldo vhfxulw| pruh dv gr srruhu yrwhuv1 Khqfh/ iru d |rxqj lqglylgxdo wr
suhihu wkh vdph wd{hv dv d plggoh djhg rqh/ klv orzhu djh pxvw eh frpshqvdwhg
e| d orzhu lqfrph1
6151 Htxloleulxp shqvlrqv
Zh duh qrz uhdg| wr fkdudfwhul}h wkh srolwlfdo htxloleulxp144 E| wkh glvfxvvlrq
deryh/ lqglylgxdo suhihuhqfhv duh vlqjoh0shdnhg dqg prqrwrqlf lq lqfrph dqg djh1
44Zh rqo| frqvlghu lqwhulru htxloleuld/ vxfk wkdw 3 ?￿? dujpd{￿O+￿,=
￿
4;D phgldq0yrwhu uhvxow wkxv dssolhv1 Exw zkr lv wkh slyrwdo yrwhuB Fohduo|/ doo
rog lqglylgxdov suhihu wkh uhyhqxh0pd{lpl}lqj wd{ udwh1 Frqyhuvho|/ doo |rxqj
lqglylgxdov ulfkhu wkdq wkh dyhudjh suhihu wd{ udwhv dw }hur1 Wkh phgldq yrwhu zloo
fruuhvsrqg wr d sdlu= d srru |rxqj dqg d ulfkhu plggoh0djhg yrwhu/ zkr suhihu wkh
vdph wd{ udwh1 Ohw eW6 eh wkh plggoh0djhg phgldq yrwhu +|hw wr eh lghqwlhg,l1
h1/ qrw wkh lqglylgxdo zlwk wkh phgldq hqgrzphqwdqg W6 klv suhihuuhg srolf|1
Wkh uhodwlrq ehwzhhq eW6 dqg W6 lv rewdlqhg e| vhwwlqj wkh uljkw0prvw h{suhvvlrq
lq +618, htxdo wr }hur/ dqg vroylqj iru e￿ ' eW6 G
e
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W6  +61:,
Dv ehiruh/ ohw e￿ eh glvwulexwhg lq wkh srsxodwlrq/ zlwk f1g1i 8E Lq htxlole0
ulxp/ wkh qxpehu ri yrwhuv lq idyru ri : W 6htxdov wkh qxpehu ri yrwhuv lq
idyru ri 	 W 61 E| +619,/ htxloleulxp uhtxluhv wkdw=
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 8E e





E n ?E2 n ?
2n4





nE n? nE n?  2
2
 +61;,
Wkh ohiw0kdqg vlgh ri +61;, lv wkh vl}h ri wkh frdolwlrq ri wkrvh yrwhuv lq idyru ri
wd{hv kljkhu wkdq W6/ qdpho| doo ri wkh rog dqg d iudfwlrq ri wkh plggoh0djhg dqg
wkh |rxqj/ uhvshfwlyho|1 Lq htxloleulxp/ wklv frdolwlrq pxvw pdnh xs h{dfwo| kdoi
wkh hohfwrudwh/ wkh phdvxuh ri zklfk lv jlyhq e| wkh h{suhvvlrq rq wkh uljkw0kdqg
vlgh1 Zh fdq dovr frqvlghu +61;, dv dq looxvwudwlrq ri rxu suhylrxv fodlp= kljk
shqvlrqv duh vxssruwhg e| d frdolwlrq ri hoghuo| dqg srru yrwhuv fxp wd{ sd|huv/
dv wkrvh vwdqg wr ehqhw iurp wkh lqwhu0 ru lqwud0jhqhudwlrqdo uhglvwulexwlrq1
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 +61<,
Dv 8 lv d prqrwrqlf ixqfwlrq/ +61<, lpsolflwo| ghqhv d xqltxh htxloleulxp wd{
udwh1 Wklv wd{ udwh 6 lv d ghfuhdvlqj ixqfwlrq ri 4=d k l j k h u 4 uhgxfhv wkh
4<suhvhqw glvfrxqwhg ydoxh ri ixwxuh shqvlrqv/ pdnlqj |rxqj dqg plggoh0djhg yrwhuv
ohvv idyrudeoh wr sxeolf shqvlrqv1 D kljkhu srsxodwlrq jurzwk udwh ?c rq wkh
rwkhu kdqg/ kdv dpeljxrxv hhfwv rq 6 Rq wkh rqh kdqg/ d kljkhu ? lqfuhdvhv
wkh zhljkw ri wkh |rxqj dqg uhgxfhv wkh zhljkw ri wkh rog/ wkxv vkliwlqj wkh
phgldq0yrwhu lghqwlw| wrzdugv vrphrqh ohvv idyrudeoh wr shqvlrqv1 Rq wkh rwkhu
kdqg/ d kljkhu ? pdnhv shqvlrqv pruh dwwudfwlyh iru doo |rxqj dqg plggoh0djhg
yrwhuv1 Hlwkhu hhfw pljkw suhydlo/ ghshqglqj rq ixqfwlrqdo irupv1 Ilqdoo|/ wkh
vkdsh ri wkh lqfrph glvwulexwlrq/ dv ghvfulehg e| 8Ec dovr dhfwv htxloleulxp
srolf|1 Exw wkhq/ qrw rqo| phgldq lqfrph pdwwhuv/ dv wkh ghflvlyh yrwhuv duh qrw
phgldq lqfrph uhflslhqwv1 Lq jhqhudo/ pruh lqfrph lqhtxdolw| lv olnho| wr pdnh wkh
ghflvlyh yrwhuv pruh zloolqj wr h{sorlw wkh shqvlrq v|vwhp iru lqwudjhqhudwlrqdo
uhglvwulexwlrq/ dqg lqfuhdvh wkh htxloleulxp jhqhurvlw| ri wkh v|vwhp1
Lw lv xvhixo wr frqvlghu wkh vshfldo fdvh zkhuh 4 ' ? Khuh/ lw fdq eh vkrzq
wkdw 6 lv odujhu wkdq wkh htxloleulxp wd{ udwh ri wkh vwdwlf uhglvwulexwlyh prgho
lq wkh suhylrxv vhfwlrq1 Lq idfw/ wkh wzr wd{ udwhv zrxog frlqflgh li rqo| wkh |rxqj
lqglylgxdov zhuh holjleoh wr yrwh1 Dv qrwhg deryh/ li 4 ' ? wkh |rxqj gr qrw
ehqhw iurp wkh lqwhujhqhudwlrqdo uhglvwulexwlrq/ dqg rqo| wkh lqwud0jhqhudwlrqdo
prwlyhv iru uhglvwulexwlrq zrxog vkdsh wkhlu yrwhv1 Exw wkh rog dqg plggoh0djhg
gr ehqhw iurp lqwhujhqhudwlrqdo uhglvwulexwlrq/ hyhq li 4 ' ? Wkhlu yrwhv wkxv
udlvh wkh htxloleulxp jhqhurvlw| ri wkh shqvlrq v|vwhp eh|rqg zkdw wkh phgldq
|rxqj lqglylgxdo suhihuv1
Vxssrvh zh ohw wkh qrupdwlyh ehqfkpdun eh d xwlolwduldq rswlpxp/ ghqhg
dv wkh pd{lpxp ri wkh glvfrxqwhg vxp ri wkh zhoiduh ri doo fxuuhqwo| dolyh dqg
ixwxuh jhqhudwlrqv1 E| wkh txdvl0olqhdulw| ri suhihuhqfhv/ wklv wudqvodwhv lqwr d
glvfrxqwhg vxp ri wkh zhoiduh ri wkh dyhudjh lqglylgxdo lq hdfk jhqhudwlrq1 Lw lv
hdv| wr vhh wkdw wkh xwlolwduldq rswlpxp kdv s 'f  45 Uhodwlyh wr wklv ehqfkpdun/
wkh srolwlfdo htxloleulxp zh kdyh vwxglhg hqwdlov wrr pxfk uhglvwulexwlrq/ erwk
dfurvv dqg zlwklq jhqhudwlrqv1 Iluvw/ lw uhglvwulexwhv wr srru lqglylgxdov dw wkh
h{shqvh ri ulfk1 Dv lq wkh suhylrxv vhfwlrq/ wklv lv d frqvhtxhqfh ri pdmrulw| uxoh
dqg wkh glvwulexwlrq ri lqfrph ehlqj vnhzhg wr wkh uljkw1 Vhfrqg/ wkh htxloleulxp
uhglvwulexwhv wr wkh fxuuhqwo| rog dqg plggoh0djhg yrwhuv/ dw wkh h{shqvh ri ixwxuh
jhqhudwlrqv1 Wklv qhz ihdwxuh lv d frqvhtxhqfh ri wkh |hw xqeruq jhqhudwlrqv qrw
sduwlflsdwlqj lq wkh yrwh ghwhuplqlqj wkhlu ixwxuh wd{hv1 Wkhuh duh wkxv srzhu0
ixo srolwlfdo irufhv vxssruwlqj wkh lqwurgxfwlrq ri d sd|0dv0|rx0jr/ vrfldo0vhfxulw|
45Wkhuh pd| eh rwkhu uhdvrqv/ vxfk dv vrfldo lqvxudqfh/ iru srvlwlyh vrfldoo| rswlpdo shqvlrqv1
Dv wkhvh duh qrw lqfoxghg lq rxu vlpsoh prgho zlwk ulvn qhxwudolw|/ wkh dujxphqw vkrxog eh lqwhu0
suhwhg dv ghyldwlrqv iurp vrph ehqfkpdun/ zkdwhyhu wkh ohyho ri shqvlrqv lq wkdw ehqfkpdun1
53v|vwhp/ dqg nhhslqj lwv vl}h h{fhvvlyh uhodwlyh wr wkh vrfldo rswlpxp1
Rqh ri wkh srolwlfdo glvwruwlrqv wkdw nhhsv sxeolf shqvlrqv wrr odujh lv wkdw
ixwxuh jhqhudwlrqv duh dhfwhg e| wkh v|vwhp/ exw gr qrw yrwh rq lw1 Wklv vxjjhvwv
d vlpsoh frqvwlwxwlrqdo uhphg|= rqo| wkh |rxqj jhqhudwlrq vkrxog eh doorzhg wr
yrwh rq vrfldo vhfxulw|/ vlqfh lw lv wkh rqo| jhqhudwlrq wkdw fruuhfwo| lqwhuqdol}hv
wkh hqwluh wd{ exughq ri sxeolf shqvlrqv1 Qdwxudoo|/ wklv frqvwlwxwlrqdo frqvwudlqw
lv kdug wr hqirufh/ dv wkhuh zrxog dozd|v eh d pdmrulw| ri yrwhuv zloolqj wr uhshdo
lw1 Pruhryhu/ wkh srolwlfdo htxloleulxp ghvfulehg deryh klqjhv rq wkh dvvxpswlrq
ri frpplwphqw> rqfh yrwhg xsrq/ wkh srolf| uhpdlqv iru dv orqj dv doo jhqhudwlrqv
sduwlflsdwlqj lq wkh yrwh duh dolyh1 Ehorz/ zh glvfxvv krz wr uhod{ wklv dvvxpswlrq1
6161 Hylghqfh dqg h{whqvlrqv
Zh kdyh mxvw looxvwudwhg krz srolwlfdo irufhv pd| eulqj derxw dqg vkdsh d shq0
vlrq v|vwhp ri wkh nlqg revhuyhg lq pdq| zhvwhuq ghprfudflhv1 Grhv wkh hylghqfh
vxssruw vrph ri wkh vshflf suhglfwlrqv ri wkh prghoB Wkhuh duh ihz hpslulfdo
vwxglhv1 Wkh ghprjudsklf frpsrvlwlrq ri wkh srsxodwlrq lv fohduo| dq lpsruwdqw
ghwhuplqdqw ri wkh vl}h ri shqvlrqv1 Olqghuw +4<<9,/ Shurwwl +4<<9, dqg Wdehoolql
+4<<3, doo qg wkdw/ lq sdqhov ri lqgxvwuldo frxqwulhv dqg lq furvv vhfwlrqdo fru0
uhodwlrqv ri odujhu frxqwu| jurxsv/ shqvlrq h{shqglwxuhv dv d iudfwlrq ri JGS lv
odujhu wkh juhdwhu lv wkh vkduh ri hoghuo| lq wkh srsxodwlrq1 Exw wklv qglqj grhv
qrw glvfulplqdwh zhoo djdlqvw rwkhu srvvleoh prghov ri htxloleulxp shqvlrqv1 D
vrfldo sodqqhu zrxog dovr vshqg pruh rq shqvlrqv/ li wkhuh zhuh d odujhu qxpehu
ri hoghuo|1 Wkh prgho*v suhglfwlrq lv uhdoo| wkdw shqvlrqv shu uhwluhh zrxog eh
kljkhu/ wkh kljkhu wkh zhljkw rq rog yrwhuv +d orzhu ? lq wkh prgho,/ dv wklv vkliwv
wkh phgldq yrwhu htxloleulxp wrzdugv d pruh jhqhurxv shqvlrq v|vwhp146 Ixuwkhu/
srsxodwlrq jurzwk lv/ lq uhdolw|/ qrw frqvwdqw ryhu wlph1 Ehlqj idlwkixo wr wkh wkh0
ru|/ rqh vkrxog dovr orrn dw wkh hhfw ri fkdqjhv lq h{shfwhg ixwxuh srsxodwlrq
wuhqgv +wklv lv wkh vhfrqg dqg rssrvlwh hhfw ri ? rq wkh srolwlfdo htxloleulxp
deryh,1 Exw qr hpslulfdo vwxg| ri zklfk zh nqrz lqfrusrudwhv wkhvh ihdwxuhv/ qru
kdv dq|rqh vwxglhg wkh hhfw ri wkh uhdo lqwhuhvw udwh/ 4
Wkh prgho dovr suhglfwv shqvlrqv wr lqfuhdvh zlwk dssursuldwh phdvxuhv ri
lqfrph lqhtxdolw|1 Wklv lv rqo| yhu| zhdno| vxssruwhg e| wkh hylghqfh1 Olqghuw
+4<<9, dqg Shurwwl +4<<9, qg qr vljqlfdqw hhfw ri lqfrph glvwulexwlrq yduldeohv
46Lq d furvv0vhfwlrq vwxg| ri vrfldo vshqglqj lq Vzhglvk pxqlflsdolwlhv/ Vwuøpehuj +4<<9,
h{solflwo| whvwv￿dqg ￿qgv vxssruw iru￿d srolwlfdo prgho edvhg rq wkh djh ri wkh phgldq yrwhu
djdlqvw d vrfldo0sodqqhu dowhuqdwlyh1
54rq shqvlrqv1 Wdehoolql +4<<3,/ rq wkh rwkhu kdqg/ qgv d srvlwlyh fruuhodwlrq
ehwzhhq d Jlql lqgh{ ri lqhtxdolw| dqg shqvlrqv lq d odujh vdpsoh ri frxqwulhv/
frqwuroolqj iru djh dqg lqlwldo lqfrph1 Exw phdvxuhv ri lqhtxdolw| duh erxqg wr
eh kljko| lpshuihfw iru vxfk d odujh vdpsoh ri frxqwulhv1 Dqg phdvxulqj lqfrph
glvwulexwlrq lq dffrugdqfh zlwk wkh prgho lv hyhq pruh wulfn|> dv qrwhg deryh/
wkh uhodwlyh lqfrph ri wkh ghflvlyh yrwhu lv djh0ghshqghqw dqg grhv qrw frlqflgh
zlwk phgldq lqfrph1
Wkh vlpsoh prgho vwxglhg lq wklv vhfwlrq fdq eh jhqhudol}hg lq pdq| gluhfwlrqv1
Li zh dgg fdslwdo dffxpxodwlrq/ wkh vrfldo vhfxulw| v|vwhp jhqhudwhv jhqhudo htxl0
oleulxp hhfwv/ dw ohdvw lq d forvhg hfrqrp|1 Dq h{sdqvlrq ri wkh surjudp uhgxfhv
sulydwh vdylqjv/ udlvhv wkh uhdo lqwhuhvw udwh dqg orzhuv wkh uhdo zdjh1 Wklv ehqhwv
ulfk vdyhuv dqg kxuwv eruurzhuv/ wkxv dgglqj dqrwkhu glphqvlrq wr wkh srolwlfdo
ghwhuplqdqwv ri wkh htxloleulxp1 Dv Frroh| dqg Vrduhv +4<<<, vkrz/ wkhvh jhqhudo
htxloleulxp hhfwv fdq vrphwlphv sod| d grplqdqw uroh lq vwxg|lqj wkh suhihuhqfhv
ryhu wkh shqvlrq v|vwhp1
Zlwk lqglylgxdo lqfrph xqfhuwdlqw|/ wkh shqvlrq v|vwhp dovr kdv vrfldo lq0
vxudqfh ehqhwv1 Frqhvd dqg Nuxhjhu +4<<;, lqfrusrudwh erwk w|shv ri hhfwv
lq wkhlu dqdo|vlv ri wkh srolwlfdo vxssruw iru shqvlrq uhirup1 Wkh| vwxg| d ulfk
prgho zlwk khwhurjhqhlw| lq wkuhh glphqvlrqv= djh/ dvvhwv dqg lqfrph1 Frqhvd
dqg Nuxhjhu xvh qxphulfdo phwkrgv wr vwxg| wkh hfrqrp|*v g|qdplf dgmxvwphqw
ryhu wlph wr glhuhqw w|shv ri shqvlrq uhirup1 Wkhlu uhvxowv looxvwudwh fohduo| krz
kdug lw lv wr pxvwhu pdmrulw| vxssruw dprqj wkh suhvhqw yrwhuv iru uhirupv ri wkh
shqvlrq v|vwhp/ hyhq wkrxjk wkh uhirupv eulqj derxw vljqlfdqw orqj0uxq ehqhwv1
Wkh dvvxpswlrq ri frpplwphqw fdq dovr eh prglhg zlwkrxw dowhulqj wkh
qdwxuh ri wkh uhvxowv1 Vxssrvh wkdw wkh hhfw ri pdmrulw| ghflvlrqv rqo| odvwv
rqh shulrg/ udwkhu wkdq iru hyhu/ dv dvvxphg deryh1 Wkxv/ hyhu| rwkhu shulrg/
yrwhuv jhw wr ghflgh rq vrfldo vhfxulw| frqwulexwlrqv wrgd| dqg wrpruurz1 Lq
wkh devhqfh ri uhsxwdwlrqdo hhfwv/ doo |rxqj yrwhuv zrxog qrz yrwh djdlqvw dq|
srvlwlyh frqwulexwlrqv/ vlqfh wkh shqvlrq wkh| zloo uhfhlyh wzr shulrgv khqfh lv
qrw dhfwhg e| wkh fxuuhqw yrwh1 Wkh rog dqg d iudfwlrq ri wkh plggoh0djhg
lqglylgxdov/ rq wkh rwkhu kdqg/ frqwlqxh wr vxssruw wkh vrfldo vhfxulw| v|vwhp1
Xqohvv wkh| duh rxw0qxpehuhg e| wkh |rxqj/ wkh vdph idfwruv dv deryh/ qdpho| 4c
? dqg wkh ixqfwlrq 8E zloo vkdsh wkh htxloleulxp srolf|/ hyhq wkrxjk wkh suhflvh
fkdudfwhul}dwlrq zloo glhu dqg wkh v|vwhp zloo eh ohvv jhqhurxv1 Lqghhg/ vxfk d
prgho ri olplwhg frpplwphqw pljkw eh d jrrg yhklfoh iru vwxg|lqj wkh hyroxwlrq ri
vrfldo vhfxulw| ryhu wlph/ lq wkh idfh ri fkdqjlqj srsxodwlrq wuhqgv1 Wkh rqjrlqj
dqg suhglfwhg djlqj ri wkh srsxodwlrq/ h{shulhqfhg lq prvw zhvwhuq ghprfudflhv/
55zrxog lqwurgxfh lqwhuhvwlqj g|qdplfv lq sxeolf vxssruw iru wkh shqvlrq v|vwhp1
Vwxg|lqj wkhvh g|qdplfv pljkw jlyh d ghhshu xqghuvwdqglqj ri wkh irufhv ehklqg
wkh srolwlfdo vwuxjjoh ryhu shqvlrq uhirup1
Devhqw dq| frpplwphqw/ srvlwlyh shqvlrqv frxog qrw eh vxvwdlqhg lq wkh vlp0
soh prgho ri wklv vhfwlrq/ h{fhsw wkurxjk uhsxwdwlrqdo irufhv1 Doo wd{sd|huv zrxog
rssrvh wkh v|vwhp/ dv wkhlu shqvlrq zrxog eh lqghshqghqw ri wkh fxuuhqw yrwh1
Suhvxpdeo|/ wzr jhqhudwlrqv ri wd{sd|huv zrxog dovr rxwqxpehu wkh rog jhqhud0
wlrq1 Qr frpplwphqw lv/ krzhyhu/ dv xquhdolvwlf dv ixoo frpplwphqw1 Derolvklqj
wkh shqvlrq v|vwhp iurp rqh gd| wr wkh qh{w zrxog qrw rqo| phhw srolwlfdo uhvlv0
wdqfh qrw ixoo| fdswxuhg e| rxu vlpsoh phgldq yrwhu prgho/ exw zrxog eh uxohg
rxw dv xqfrqvwlwxwlrqdo lq pdq| frxqwulhv1 Pruhryhu/ uhsxwdwlrqdo phfkdqlvpv
frxog olqn wkh yrwlqj rxwfrphv dfurvv shulrg/ dqg lq wklv fdvh htxloleuld zlwk vrfldo
vhfxulw| frxog hyhq eh vxvwdlqhg zlwkrxw frpplwphqw147
Dowuxlvp dfurvv jhqhudwlrqv lv dqrwkhu phfkdqlvp wkdw pd| khos vxvwdlq htxl0
oleuld zlwk srvlwlyh vrfldo vhfxulw| lq wkh devhqfh ri frpplwphqw1 Wdehoolql +4<<4,/
+4<<3, vkrzv wkdw/ hyhq li dowuxlvp lv vr zhdn wkdw lw zloo qrw vxssruw sulydwh
lqwhu0ylyrv wudqvihuv/ lw fdq qhyhuwkhohvv dhfw srolwlfdo ehkdylru1 Srru |rxqj
dqg plggoh0djhg lqglylgxdov frxog eh lqgxfhg wr yrwh lq idyru ri wkh vrfldo vh0
fxulw| v|vwhp/ ehfdxvh wkh +oxps0vxp, ehqhw wr wkhlu sduhqwv ru judqg0sduhqwv
rxwzhljkv wkh frvw ri wkh vpdoo wd{hv wkh| pxvw sd|1 Zlwk d odujhu qxpehu ri
srru yrwhuv wkdq ulfk/ wklv frxog eh hqrxjk wr vxssruw sxeolf shqvlrqv1
Rqh pd|/ ri frxuvh/ dovr vwxg| wkh olqnv ehwzhhq shqvlrqv dqg rwkhu wdujhwhg
jryhuqphqw wudqvihuv/ vxfk dv zhoiduh sd|phqwv1 Prwlydwhg e| wkh jurzwk ri
jryhuqphqw wudqvihuv lq uhfhqw ghfdghv/ Odpehuwlql dqg D}duldglv +4<<;, vwxg|
dq ryhuodsslqj jhqhudwlrqv prgho zlwk fdslwdo irupdwlrq/ zkhuh srolf| frqvlvwv ri
shqvlrqv wr wkh hoghuo| dqg zhoiduh sd|phqwv wr wkh srru1 Wkhlu prgho ri srolwlfdo
htxloleulxp lv glhuhqw iurp rxuv> wkh| xvh d ohjlvodwlyh edujdlqlqj prgho ri wkh
w|sh glvfxvvhg lq Sduw LL ehorz1 Exw kljkhu lqfrph lqhtxdolw| fdq ohdg wr wkh
irupdwlrq ri d frdolwlrq olnh wkh rqh glvfxvvhg lq wklv vhfwlrqqdpho| ri rog
yrwhuv dqg srru |rxqj yrwhuvzklfk lpsolhv kljkhu htxloleulxp wudqvihuv ri erwk
w|shv1
47Uhsxwdwlrqdo htxoleuld lq ryhuodsslqj jhqhudwlrqv +ROJ, prghov pd| eh txlwh gl￿huhqw
iurp wkh xvxdo dssolfdwlrqv ri wkh iron wkhruhp/ lq wkdw wkh| pd| uhtxluh jhqhudwlrqdo fkdlqv ri
sxqlvkphqwv ru uhzdugv1 Lq d vlpsoh wzr0shulrg ROJ prgho/ iru h{dpsoh/ vxvwdlqlqj d uhzdug
iurp wkh fxuuhqw |rxqj wr wkh fxuuhqw rog uhtxluhv wkdw wkh fxuuhqw |rxqj h{shfw wkdw wkhlu
k|srwkhwlfdo ghyldwlrq iurp wkh htxloleulxp zrxog ohdg wr ixwxuh sxqlvkphqw iurp wkh qh{w +|hw
xqeruq, jhqhudwlrq1
566171 Qrwhv rq wkh olwhudwxuh
Wkh wkhru| ri yrwlqj ryhu vrfldo vhfxulw| kdv iroorzhg glhuhqw dssurdfkhv1 Eurzq0
lqj +4<:8, dqg Erdgzd| dqg Zlogdvlq +4<;<d/e, kdyh vwxglhg wkh ghwhuplqdqwv ri
vrfldo vhfxulw| lq yrwlqj prghov zlwk frpplwphqw/ zkhuh doo yrwhuv kdyh wkh vdph
lqfrph dqg glhu rqo| lq djh1 Fxnlhupdq dqg Phow}hu +4<;<, frqvlghu sxeolf
ghew +htxlydohqw wr vrfldo vhfxulw| lq wkhlu prgho, lq dq ryhuodsslqj jhqhudwlrqv
h f r q r p |z l w kl q f r p hk h w h u r j h q h l w | /z h d nd o w u x l v pz l w k l qw k hi d p l o | /d q gs r o l f |
frpplwphqwv1 Wdehoolql +4<<3, irupxodwhv d phgldq0yrwhu prgho zlwk lqfrph khw0
hurjhqhlw| dqg zhdn dowuxlvp zlwklq wkh idplo|/ exw qr frpplwphqw +l1h1/ lq hdfk
shulrg/ yrwhuv fkrrvh d wd{ udwh zlwk oxps0vxp wudqvihuv wr wkh fxuuhqwo| rog,1
Wkh prgho ri wklv vhfwlrq/ zkhuh yrwhuv glhu lq djh dqg lqfrph/ exw zkhuh wkhuh
lv frpplwphqw dqg qr dowuxlvp/ frpelqhv ihdwxuhv ri doo wkhvh dssurdfkhv1 Wkhvh
uhvxowv duh shukdsv forvhvw wr wkrvh ri Fxnlhupdq dqg Phow}hu +4<;<,/ wkrxjk wkdw
sdshu irfxvhv rq jhqhudo htxloleulxp hhfwv rq wkh uhdo lqwhuhvw udwh dqg qhjohfwv
wd{ glvwruwlrqv1 Jhqhudo htxloleulxp hhfwv dqg wkhlu hhfw rq yrwhuv* suhihuhqfhv
kdyh dovr ehhq vwxglhg e| Frroh| dqg Vrduhv +4<<<,1 Frqhvd dqg Nuxjhu +4<<;,
lqfoxgh qrw rqo| jhqhudo htxloleulxp hhfwv/ exw dovr vrfldo lqvxudqfh ehqhwv ri
wkh shqvlrq v|vwhp/ lq wkhlu dqdo|vlv1 D jhqhudo vxuyh| ri wkh srvlwlyh srolwlfdo
wkhrulhv ri vrfldo vhfxulw| lv surylghg e| Yhuerq +4<;;,/ zkloh Ihogvwhlq +4<<;,
dqg Vlhehuw +4<<;, glvfxvv wkh uhfhqw uhirup h{shulhqfhv ri ydulrxv ghyhorslqj
dqg lqgxvwuldo frxqwulhv1
Lq wkh devhqfh ri srolf| frpplwphqw/ vrfldo vhfxulw| v|vwhpv fdq eh vxvwdlqhg
e| uhsxwdwlrqdo htxloleuld1 Wklv lghd zdv sxuvxhg e| Nrwolnr/ Shuvvrq dqg Vyhqv0
vrq +4<;;,/ dqg pruh uhfhqwo| e| Erogulq dqg Uxvwlfklql +4<<9,/ Frroh| dqg Vrduhv
+4<<<, dqg D}duldglv dqg Jdodvvr +4<<:,1 Wkh lghd wkdw dowuxlvp zlwklq wkh idp0
lo| dovr lqgxfhv yrwhuv wr vxssruw lqwhujhqhudwlrqdo uhglvwulexwlrq lv lqyhvwljdwhg
e| Wdehoolql +4<<3,/ +4<<4,1
Vrph sdshuv kdyh vwxglhg wkh srolwlfdo ghwhuplqdqwv ri vrfldo vhfxulw| lq vhw0
wlqjv glhuhqw iurp yrwlqj1 Jurvvpdq dqg Khospdq +4<<9d, frqvlghu d prgho
zkhuh phpehuv ri glhuhqw jhqhudwlrqv oree| wkh jryhuqphqw/ dv lq sduw LL eh0
orz1 Hduolhu sdshuv uho|lqj rq wkh lghd wkdw wkh delolw| ri glhuhqw jhqhudwlrqv
wr lq xhqfh wkh srolwlfdo surfhvv dhfwv wkh vl}h dqg yldelolw| ri vrfldo vhfxulw|
lqfoxgh Sdwwrq +4<:;,/ Vwxduw dqg Kdqvvrq +4<;<,/ Orhz| +4<;;,1 Pruh uhfhqwo|/
Odpehuwlql dqg D}duldglv +4<<;, kdyh irfxvhg rq ohjlvodwlyh edujdlqlqj dprqj
+uhsuhvhqwdwlyhv ri, glhuhqw lqwhuhvw jurxsv1
Wkh ydolglw| ri wkh hpslulfdo suhglfwlrq wkdw pruh lqhtxdolw| ohdgv wr pruh
vshqglqj rq vrfldo vhfxulw| kdv ehhq lqyhvwljdwhg e| Olqghuw +4<<7,/ +4<<9, zlwk
57qhjdwlyh uhvxowv zkhuhdv Wdehoolql +4<<3, rewdlqhg pruh hqfrxudjlqj uhvxowv1 Orrn0
lqj dw gdwd ri Vzhglvk pxqlflsdolwlhv/ Vwuùpehuj +4<<9, qgv vxssruw iru wkh suh0
glfwlrq wkdw wkh frpsrvlwlrq ri vrfldo vshqglqj lv v|vwhpdwlfdoo| uhodwhg wr wkh
djh ri wkh phgldq yrwhu1
71 Hpsor|hg yv1 xqhpsor|hg
Lq wkh suhylrxv vhfwlrqv/ yrwhuv nqhz wkhlu uhodwlyh lqfrph zlwk fhuwdlqw| zkhq
fkrrvlqj wkhlu srolf|1 Dq lpsruwdqw uroh ri vrph uhglvwulexwlyh wudqvihu surjudpv/
krzhyhu/ lv wr surylgh lqvxudqfh djdlqvw lqfrph ulvnv/ dv lq wkh fdvh ri xqhpsor|0
phqw lqvxudqfh ru sxeolf khdowk lqvxudqfh148 Yrwhuv hydoxdwh vxfk surjudpv rq
wkh edvlv ri wkhlu uhodwlyh ulvn/ ehvlghv wkhlu uhodwlyh lqfrph1 Lq oderu pdunhwv/ wkh
glvwulexwlrq ri ulvn dprqj lqglylgxdov lv dovr dhfwhg e| jryhuqphqw uhjxodwlrq/
vxfk dv klulqj dqg ulqj uxohv1 Wklv vhfwlrq dqdo|}hv wkh srolwlfdo ghwhuplqdqwv ri
xqhpsor|phqw lqvxudqfh dv zhoo dv oderu pdunhw uhjxodwlrqv1
D fhqwudo ghwhuplqdqw ri vxfk surjudpv/ hpskdvl}hg e| Zuljkw +4<;9, dqg
Vdlqw0Sdxo +4<<6,/ +4<<9,/ lv wkh olnho| frq lfw ri lqwhuhvw ehwzhhq hpsor|hg dqg
xqhpsor|hg yrwhuv/ ru pruh jhqhudoo| ehwzhhq lqvlghuv +wkrvh zlwk d zhoo sdlg
dqg surwhfwhg mre, dqg rxwvlghuv +wkh xqhpsor|hg dqg zrunhuv lq vhfrqgdu| pdu0
nhwv,1 Wr nhhs wklqjv vlpsoh/ zh devwudfw iurp lglrv|qfudwlf xqhpsor|phqw ulvn/
hyhq wkrxjk ulvn glhuhqfhv duh uhdolvwlf dqg frxog eh dgghg1 Wkh uhpdlqlqj
frq lfw ri lqwhuhvw wkhq ehfrphv yhu| vwdun= wkh ulvn ri ixwxuh xqhpsor|phqw lv
orzhu iru fxuuhqwo| hpsor|hg zrunhuv2yrwhuv/ zkr wkhuhiruh zdqw ohvv xqhpsor|0
phqw lqvxudqfh wkdq wkh xqhpsor|hg1 Lqvwhdg/ fxuuhqwo| hpsor|hg yrwhuv qg lw
pruh h{shglhqw wr surwhfw wkhpvhoyhv djdlqvw xqhpsor|phqw ulvn wkurxjk wljkw
ulqj uhvwulfwlrqv/ hyhq wkrxjk vxfk uhvwulfwlrqv zrxog lqfuhdvh xqhpsor|phqw
dqg xqhpsor|phqw gxudwlrq1 Dv hpsor|hg yrwhuv frqvwlwxwh d pdmrulw|/ srolwlfdo
htxloleuld jhqhudoo| h{klelw xqghusurylvlrq ri xqhpsor|phqw lqvxudqfh dqg ryhuo|
uhvwulfwlyh oderu pdunhw uhjxodwlrqv1 Forvlqj wkh vhfwlrq/ zh glvfxvv krz oderu
pdunhw uhirupv pd| ehfrph srolwlfdoo| ihdvleoh1
48Zh uduho| revhuyh sulydwh xqhpsor|phqw lqvxudqfh1 Exw zh gr qrw glvfxvv wkh xqghuo|lqj
lqirupdwlrqdo sureohpv/ zklfk suhvxpdeo| surylgh d udwlrqdoh iru jryhuqphqw lqvxudqfh1 Lw lv
qrw vwudljkwiruzdug/ krzhyhu/ wr surylgh vxfk d udwlrqdoh1 Xqghu prudo kd}dug/ d jryhuqphqw
idflqj wkh vdph lqirupdwlrq frqvwudlqwv dv sulydwh djhqwv/ zrxog qrw jhqhudoo| eh deoh wr rxw0
shuirup wkh pdunhw1 Xqghu dgyhuvh vhohfwlrq/ wkhuh lv pruh vfrsh iru rxwshuiruplqj wkh pdunhw/
dv wkh jryhuqphqw pljkw uho| rq frpsxovlrq1
587141 D vlpsoh prgho ri xqhpsor|phqw lqvxudqfh
Doo lqglylgxdov duh dolnh/ dsduw iurp wkhlu hpsor|phqw vwdwxv/ dqg wkh| pd{lpl}h
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zkhuh (f lv wkh h{shfwdwlrqv rshudwru frqglwlrqdo rq lqirupdwlrq dydlodeoh dw wlph
3/ | w k hw l p hs h u l r g /qdg l v f r x q wi d f w r u+ q' ￿
￿nB lq wkh qrwdwlrq ri Vhfwlrq 6,/ dqg
LE d zhoo0ehkdyhg frqfdyh xwlolw| ixqfwlrq1 Lqglylgxdov duh hlwkhu hpsor|hg ru
xqhpsor|hg dqg wkh . dqg L vxshuvfulswv ghqrwh wkhvh wzr vwdwhv1 Oderu vxsso|
lv h{rjhqrxv dqg vhw htxdo wr rqh1 Iru vlpsolflw|/ zh dovr dvvxph wkdw wkhuh duh
qr fuhglw pdunhwv +vhh ixuwkhu ehorz,1 Khqfh/ xqhpsor|phqw lqvxudqfh hqwdlov
qr glvwruwlrqv dqg frqvxpswlrq htxdov fxuuhqw lqfrph1 Li hpsor|hg/ lqglylgxdov
wkxv frqvxph wkhlu uhdo zdjh/ qrupdol}hg wr xqlw|/ ohvv wd{hv/ S.
| ' | Li
xqhpsor|hg/ wkh| uhfhlyh dq xqhpsor|phqw ehqhw/ SL
| 
Lqglylgxdo hpsor|phqw vwdwxv iroorzv dq h{rjhqrxv vwrfkdvwlf +Pdunry, surfhvv1
Lq hdfk shulrg/ d fxuuhqwo| hpsor|hg lqglylgxdo ehfrphv xqhpsor|hg zlwk sure0
delolw| ) +iru ulqj udwh,/ zkhuhdv d fxuuhqwo| xqhpsor|hg lqglylgxdo ehfrphv
hpsor|hg zlwk suredelolw| i +iru klulqj udwh,1 E| wkh Pdunry dvvxpswlrq wkhvh
wudqvlwlrq suredelolwlhv uhpdlq frqvwdqw ryhu wlph/ luuhvshfwlyh ri dq lqglylgxdo*v
hpsor|phqw klvwru|/ dqg duh wkh vdph dfurvv lqglylgxdov1 Wkh djjuhjdwh udwh ri
xqhpsor|phqw | lv jlyhq e|=
| ' )E  |3￿nE i   | 3 ￿  +714,
Lq hdfk shulrg/ xqhpsor|phqw frqvlvwv ri wkh suhylrxvo| hpsor|hg zkr zhuh odlg
r +wkh uvw whup,/ soxv wkh suhylrxvo| xqhpsor|hg zkr glg qrw qg d mre +wkh
vhfrqg whup,1 Zh irfxv rq wkh vwhdg| vwdwh/ zkhuh | kdv frqyhujhg wr d frqvwdqw1





Zh dvvxph wkdw ) n i	dqg wkdw i:) cvr wkdw  lv ohvv wkdq 83(1
Ilqdoo|/ dv lq wkh suhylrxv vhfwlrqv/ zh wuhdw wklv jryhuqphqw surjudp lq lvr0
odwlrq iurp rwkhu srolflhv1 Wkh jryhuqphqw exgjhw frqvwudlqw lpsolhv wkdw xqhp0
sor|phqw vxevlglhv pxvw eh qdqfhg e| wd{hv rq fxuuhqwo| zrunlqj lqglylgxdov=
S
L
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Yrwhuv* suhihuhqfhv Dvvxph lqlwldoo| wkdw xqhpsor|phqw lqvxudqfh lv fkrvhq
wrgd| +dw | 'f ,/ jlyhq wkdw  lv douhdg| dw lwv vwhdg|0vwdwh ydoxh/ dqg vwd|v lq
sodfh iru hyhu= wkdw lv/ | ' cdqg SL
| ' SL iru doo | Krz gr yrwhuv hydoxdwh vxfk
d surjudpB Wr dqvzhu wklv txhvwlrq/ frqvlghu wkh ydoxh ixqfwlrqv ri hpsor|hg
dqg xqhpsor|hg yrwhuv/ uhvshfwlyho|1 Pdnlqj xvh ri wkh suhylrxv h{suhvvlrqv iru
S. dqg SL>w k h v hf d qe hz u l w w h qd v =
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Wdnlqj wkh ghulydwlyh ri wkhvh h{suhvvlrqv zlwk uhjdug wr wkh srolf| cdqg vhwwlqj
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zkhuh wkh lqhtxdolwlhv iroorz iurp q  1 Hylghqwo|/ wkh fxuuhqwo| hpsor|hg
suhihu lqfrpsohwh lqvxudqfh +S.  SL/ zkloh wkh fxuuhqwo| xqhpsor|hg suhihu
ryhu0lqvxudqfh +SL  S.1 Hyhq wkrxjk erwk vhwv ri yrwhuv idfh d suredelolw| ri
fkdqjlqj vwdwxv lq wkh ixwxuh/ dffrxqwlqj iru wklv lv qrw hqrxjk wr frpshqvdwh
iru wkh idfw wkdw fxuuhqw xqhpsor|phqw lqvxudqfh uhglvwulexwhv iurp hpsor|hg
5:wr xqhpsor|hg yrwhuv1 E| frqwudvw/ d xwlolwduldq vrfldo sodqqhuhtxlydohqwo|/ dq
lqglylgxdo zkr pd{lpl}hg klv h{shfwhg xwlolw| ehklqg d yhlo ri ljqrudqfh ryhu klv
fxuuhqw hpsor|phqw vwdwxvzrxog dozd|v suhihu ixoo lqvxudqfh/ S. ' SL1W k l v l v
lqwxlwlyh/ dv wkhuh lv qhlwkhu djjuhjdwh ulvn/ qru lqglylgxdo lqfhqwlyh sureohpv gxh
wr lqirupdwlrq ru glvwruwlyh wd{dwlrq1 Dgglqj vxfk lqh!flhqflhv zrxog orzhu wkh
ghvluhg lqvxudqfh ohyhov glvfxvvhg deryh/ exw qrw holplqdwh wkh frq lfw ehwzhhq
hpsor|hg dqg xqhpsor|hg1
Qrwh wkdw wkh txdolwdwlyh uhvxowv gr qrw klqjh rq wkh devhqfh ri fuhglw pdunhwv1
Zlwk shuihfw fuhglw pdunhwv dqg qr djjuhjdwh ulvn/ lqglylgxdov zrxog eh deoh wr
ixoo| lqvxuh wkhlu xqhpsor|phqw ulvn1 \hw/ vrph lqglylgxdov zrxog vwloo zdqw wr
xvh sxeolf xqhpsor|phqw lqvxudqfh wr uhglvwulexwh lq wkhlu idyru1 Lq sduwlfxodu/
xqhpsor|hg yrwhuv/ ru pruh jhqhudoo| yrwhuv zkrvh ulvn ri ehlqj xqhpsor|hg lv
kljkhu wkdq dyhudjh/ zrxog zdqw sxeolf xqhpsor|phqw lqvxudqfh vlqfh lw zrxog
uhglvwulexwh wrzdugv wkhp lq h{shfwhg ydoxh +glvfxvvhg e| Zuljkw +4<;9,,1 Li sul0
ydwh lqvxudqfh pdunhwv zhuh devhqw exw lqglylgxdov frxog vwloo vdyh/ wkh| zrxog
kdyh dq lqfhqwlyh wr vhoi0lqvxuh1 Dv d uhvxow/ wkh wd{ frvw ri qdqflqj wkh sur0
judp zrxog zhljk pruh khdylo| lq wkhlu suhihuhqfhv dqg wkh| zrxog suhihu ohvv
xqhpsor|phqw lqvxudqfh lq wkh oderu pdunhw +wklv lv glvfxvvhg e| Kdvvohu dqg
Urguljxh}0Prud +4<<:,,1
7151 Htxloleulxp xqhpsor|phqw lqvxudqfh
Zlwk rqo| wzr w|shv ri yrwhuv/ wkh srolwlfdo htxloleulxp lv vlpso| wkh srolf| suh0
ihuuhg e| wkh odujhvw jurxs/ qdpho| wkrvh fxuuhqwo| hpsor|hg149 Wr jhw h{solflw
uhvxowv/ ohw wkh xwlolw| ixqfwlrq eh lvr0hodvwlf LES  S￿3￿*E  c zlwk  ghqrw0
lqj wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq1 Wkh uvw h{suhvvlrq lq +719, dqg wkh









:Iurp wkh jryhuqphqw exgjhw frqvwudlqw +716,/ zh fdq hdvlo| ghulyh wkh fruuh0
vsrqglqj htxloleulxp xqhpsor|phqw ehqhw/ SL
49Wkh htxloleulxp jhqhudol}hv wr wkh fdvh glvfxvvhg deryh ri lglrv|qfudwlf xqhpsor|phqw
ulvn/ zkhq wkh odwwhu lv prghohg dv lglrv|qfudwlf klulqj dqg ￿ulqj sdudphwhuv kl dqg il1 Wkh
srolwlfdo htxloleulxp zrxog vwloo eh d phgldq0yrwhu htxoleulxp hyhq zlwk vxfk wzr0glphqvlrqdo
khwhurjhqhlw|1 Exw dv lq wkh fdvh ri shqvlrqv/ wkh ghflvlyh yrwhu zrxog eh d sdlu/ qdpho| dq
hpsor|hg kljk0ulvn w|sh dqg dq xqhpsor|hg orz0ulvn w|sh zlwk gl￿huhqw ydoxhv iru il dqg kl=
5;Krz lv htxloleulxp srolf| dhfwhg e| fkdqjhv lq wkh sdudphwhuv ri wkh prghoB
























: f 1 +71;,
D kljkhu ulqj udwh ) uhgxfhv wkh htxloleulxp xqhpsor|phqw ehqhw exw udlvhv wkh
htxloleulxp wd{1 Lqwxlwlyho|/ zlwk d kljkhu ulqj udwh/ hpsor|hg yrwhuv vwloo zdqw wr
uhwdlq wkh vdph pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq frqvxpswlrq li hpsor|hg ru
xqhpsor|hg/ dv lv hylghqw iurp +719,1 Exw wkdw udwh kdv ehfrph pruh h{shqvlyh/
dv htxloleulxp xqhpsor|phqw lv odujhu/ dv lv hylghqw iurp +715,1 Lw lv rswlpdo wr
dgmxvw erwk pdujlqv/ udlvlqj wkh wd{ udwh exw uhgxflqj wkh xqhpsor|phqw ehqhw1
Frqyhuvho|/ li wkh klulqj udwh i lv kljkhu/ wkh ulvn ri ehfrplqj xqhpsor|hg lv
ohvv phqdflqj/ dqg wkh ghflvlyh yrwhu lv zloolqj wr dffhsw d kljkhu pdujlqdo udwh
ri vxevwlwxwlrq ri frqvxpswlrq li hpsor|hg yv1 xqhpsor|hg1 Lq wklv vhqvh/ ohvv
lqvxudqfh lv qhhghg1 Exw lqvxudqfh lv qrz fkhdshu wr ex|/ ehfdxvh xqhpsor|phqw
idoov zlwk d kljkhu i Khqfh/ wkh xqhpsor|phqw ehqhw ulvhv dqg wkh wd{ udwh
idoov/ rqo| li wkh lqglylgxdo lv vx!flhqwo| ulvn dyhuvh +pruh suhflvho|/ li w:4: D
kljkhu glvfrxqw idfwru ru d kljkhu udwh ri ulvn dyhuvlrq/ qdoo|/ zrxog lpso| d pruh
jhqhurxv surjudp/ dv wkh ixwxuh ulvn ri xqhpsor|phqw qrz fduulhv pruh zhljkw
lq wkh ghflvlrq1
Hylghqfh dqg h{whqvlrqv1 Iurp d srvlwlyh srlqw ri ylhz/ lw lv lqwhuhvwlqj wr
qrwh wkdw wkh xqhpsor|phqw ehqhw/ SLc lv qhjdwlyho| uhodwhg wr xqhpsor|phqw=
sdudphwhu fkdqjhv zklfk lqfuhdvh xqhpsor|phqw dovr uhgxfh wkh xqhpsor|phqw
ehqhw1 Wkh uhdvrq lv wkdw wkh ghflvlyh yrwhu uhdfwv wr fkdqjhv lq wkh frvw ri sur0
ylglqj xqhpsor|phqw lqvxudqfh1 4; Wkh prgho dovr kdv xqdpeljxrxv suhglfwlrqv
uhjduglqj wkh hhfw ri wkh jhqhudo wxuqryhu lq wkh oderu pdunhw rq wkh jhqhurvlw|
4:Qrwh wkdw wkh deryh duh sxuh frpsdudwlyh vwdwlfv h{shulphqwv1 Vshfl￿fdoo|/ wkh| dvvxph
wkdw d sdudphwhu gl￿huhqfh kdv ixoo| pdqlihvwhg lwvhoi lq d gl￿huhqw vwhdg| vwdwh xqhpsor|phqw
udwh ehiruh wkh fkrlfh ri xqhpsor|phqw lqvxudqfh wdnhv sodfh1
4;Wkhvh frpsdudwlyh vwdwlfv uhvxowv zrxog eh ohvv fohdu fxw zlwk lqglylgxdo vshfl￿f klulqj dqg
￿ulqj udwhv1 Lq wkdw fdvh/ sdudphwhu fkdqjhv zrxog dowhu wkh lghqwlw| ri wkh phgldq yrwhu dqg/ dv
xqhpsor|phqw lqfuhdvhv/ wkh phgldq yrwhu zrxog eh pruh olnho| wr eh xqhpsor|hg1 Wklv zrxog
whqg wr pryh wkh vl}h ri htxloleulxp xqhpsor|phqw lqvxudqfh +dovr dv phdvxuhg e| ehqh￿wv, lq
wkh vdph gluhfwlrq dv wkh udwh ri xqhpsor|phqw1
5<ri htxloleulxp xqhpsor|phqw lqvxudqfh1 Wr vhh wklv/ frqvlghu d idoo lq erwk i
dqg ) vxfk wkdw wkh udwlri
) dqg khqfh/ djjuhjdwh xqhpsor|phqw c vwd| frqvwdqw1
Lw lv hdvlo| vkrzq wkdw erwk  dqg SL ghfuhdvh iru vxfk dq lqfuhdvh lq wxuqryhu1
Lw lv xqfohdu zkhwkhu wkhvh wzr suhglfwlrqv duh frqvlvwhqw zlwk wkh ghyhorsphqw
ryhu wlph ri xqhpsor|phqw lqvxudqfh lq Hxurshdq frxqwulhv/ zkhuh lqghhg xqhp0
sor|phqw kdv jhqhudoo| lqfuhdvhg dqg wxuqryhu lq wkh oderu pdunhw kdv jhqhudoo|
ghfuhdvhg ryhu wkh odvw wzr ghfdghv1 Lw kdv qrw |hw ehhq h{soruhg zkhwkhu wkhvh
suhglfwlrqv duh frqvlvwhqw zlwk wkh hylghqfh/ hyhq wkrxjk lw zrxog vhhp ihdvleoh
dqg zhoo zruwk wkh hruw1 Lw lv txlwh fohdu/ krzhyhu/ wkdw wkh prgho*v suhglfwlrqv
iru Hxursh yv1 wkh XV duh frxqwhuidfwxdo= Hxursh kdv erwk kljkhu xqhpsor|phqw
dqg orzhu wxuqryhu/ dw ohdvw lq uhfhqw wlphv/ exw kljkhu xqhpsor|phqw ehqhwv1
Vxfk frxqwhuidfwxdo furvv0vhfwlrqdo suhglfwlrqv/ prwlydwh Kdvvohu dqg Urguljxh}0
Prud +4<<:, wr vwxg| wkh uroh ri vhoi lqvxudqfh1 Wkh| vkrz wkdw rqfh vhoi lqvxudqfh
lv doorzhg/ kljkhu wxuqryhu grhv lqghhg pdnh wkh hpsor|hg suhihu ohvv jhqhurxv
xqhpsor|phqw lqvxudqfh= zkhq wxuqryhu lv kljk/ sulydwh vdylqjv ehfrph d forvh
vxevwlwxwh iru xqhpsor|phqw lqvxudqfh/ pdnlqj wkh odwwhu ohvv ydoxdeoh1 Kdvvohu
dqg Prud dovr glvfxvv wkh gl!fxow| ri vxvwdlqlqj srvlwlyh xqhpsor|phqw lqvxu0
dqfh li wkhuh lv qr frpplwphqw wr srolf| lq ixwxuh shulrgv> wklv srlqw lv forvho|
uhodwhg wr rxu glvfxvvlrq derxw wkh vxvwdlqdelolw| ri wkh shqvlrq v|vwhp lq wkh
suhylrxv vhfwlrq1
Rxu vlpsoh prgho ri hqgrjhqrxv srolf| deryh irfxvhv rq wkh olqn iurp xqhp0
sor|phqw dqg lwv ghwhuplqdqwv wr xqhpsor|phqw ehqhwv1 Pxfk ri wkh wudglwlrqdo
olwhudwxuh rq h{rjhqrxv srolf| glvfxvvhv wkh olqn lq wkh rssrvlwh gluhfwlrq1 Wkdw
lv/ jhqhurxv xqhpsor|phqw ehqhwv pd| jhqhudwh kljkhu xqhpsor|phqw/ hlwkhu
e| sxvklqj xs htxloleulxp zdjhv ru e| sxvklqj grzq htxloleulxp vhdufk hruw14<
Lq dq lqwhuhvwlqj uhfhqw sdshu/ Kdvvohu hw do +4<<;, wu| wr lqfrusrudwh erwk olqnv lq
d prgho zlwk oderu pdunhw vhdufk dqg hqgrjhqrxv srolf|1 Wkh| vkrz wkdw wkhuh
pd| yhu| zhoo eh pxowlsoh htxloleuld= rqh zlwk kljk xqhpsor|phqw dqg jhqhurxv
ehqhwv dqg dqrwkhu zlwk orz xqhpsor|phqw dqg ohvv jhqhurxv ehqhwv1
7161 Htxloleulxp oderu pdunhw uhjxodwlrqv
Xqhpsor|phqw lqvxudqfh lv qrw wkh rqo| srolf| zkhuh wkh suhihuhqfhv ri wkh hp0
sor|hg dqg wkh xqhpsor|hg fodvk1 Oderu pdunhwv lq pdq| lqgxvwuldo frxqwulhv/
sduwlfxoduo| lq Hxursh/ duh khdylo| uhjxodwhg1 Lq sduwlfxodu/ ulqjv duh uhvwulfwhg
ru frvwo| iru wkh up/ qrw e| frqwudfw/ exw e| odz1 Wkhvh uhjxodwlrqv surwhfw
4<Od|dug dqg Qlfnhoo +4<<;, vxuyh| wkh uhohydqw olwhudwxuh1
63wkrvh fxuuhqwo| hpsor|hg exw kdup wkh xqhpsor|hg/ vlqfh wkh| glvfrxudjh qhz
kluhv dqg wkxv lqfuhdvh xqhpsor|phqw gxudwlrq1 Zh qrz lqyhvwljdwh wkh srolwlfdo
ghwhuplqdqwv ri wkhvh uhjxodwlrqv/ odujho| iroorzlqj Vdlqw0Sdxo +4<<9,1
Frqvlghu wkh vdph hfrqrp| dv deryh/ exw zlwkrxw sxeolf xqhpsor|phqw lq0
vxudqfh= wkh xqhpsor|hg hduq d jlyhq vxevlvwdqfh zdjh/ dqg frqvxpswlrq ri wkh
hpsor|hg lv h{rjhqrxvo| jlyhq153 Wr prgho ulqj uhjxodwlrqv/ uhghqh wkh sure0
delolw| ri ehfrplqj xqhpsor|hg/ )c dv=
) '  n ^c
zkhuh ^ lv yroxqwdu| txlwv/ dqg  lv ulqj +od|rv, e| wkh upv1 Zh wuhdw ^ dv dq
h{rjhqrxv sdudphwhu/ exw  dv d srolf| yduldeoh1 Wkh odwwhu fdswxuhv wkh lq xhqfh
rq ulqjv ri vshflf oderu pdunhw ohjlvodwlrq1 Wkh pruh gl!fxow lw lv wr ohjdoo|
uh d zrunhu/ wkh orzhu lv  dqg/ khqfh/ wkh orzhu lv ) Z hf d qw k x vl q w h u s u h wdv
d phdvxuh ri oderu pdunhw  h{lelolw|= d kljkhu  dprxqwv wr pruh  h{lelolw|1 Dv
glvfxvvhg e| Vdlqw0Sdxo +4<<9,/ zkr xvhv hduolhu uhvxowv e| Slvvdulghv +4<<3,/ ulqj
uhvwulfwlrqv dovr pdnh upv ohvv zloolqj wr srvw ydfdqflhv1 Wkxv/ ulqj uhvwulfwlrqv
uhgxfh wkh klulqj udwh/ i1 Vshflfdoo|/ vxssrvhdv grhv Vdlqw0Sdxo +4<<9,wkdw
wkh klulqj udwh lv d jlyhq frqfdyh ixqfwlrq ri wkh ulqj uxohv=
i ' MEc vxfk wkdw M￿ : fcM ￿￿ 	 f +71<,
Wkdw lv/ pruh  h{leoh oderu pdunhwv doorz upv wr lqfuhdvh ulqjv + lqfuhdvhv,
exw dovr whqg wr lqfuhdvhv wkh klulqj udwh/ wkrxjk dw d ghfuhdvlqj udwh1 Ilupv
duh wkxv dvvxphg wr eh pruh zloolqj wr kluh zrunhuv/ li wkh| nqrz lw lv hdvlhu wr
od| wkhp r gxulqj edg wlphv1 Wklv phdqv wkdw lqfuhdvlqj oderu pdunhw  h{lelolw|
lqyroyhv d wudgh0r ehwzhhq ulqj dqg klulqj udwhv1 Wklv wudgh0r lv pruh idyrudeoh
zkhq oderu pdunhwv duh yhu| uljlg/ wkdw lv zkhq  lv orz/ iru wkh klulqj udwh
lqfuhdvhv pruh/ lq wklv fdvh/ dv d uhvxow ri lqfuhdvhg  h{lelolw|1
Wklv irupxodwlrq lpsolhv wkdw oderu pdunhw  h{lelolw| jhqhudoo| kdv dq dpeljx0






E)ni2 j f +7143,
53Wklv uxohv rxw jhqhudo htxloleulxp h￿hfwv ri fkdqjhv lq wkh xqhpsor|phqw udwh/ rshudwlqj
wkurxjk wkh jryhuqphqw exgjhw frqvwudlqw1 Wkhvh h￿hfwv zrxog pdnh wkh yrwlqj sureohp g|0
qdplf/ dv yrwhuv zrxog kdyh wr frqvlghu wkh g|qdplf dgmxvwphqw wr wkh vwhdg| vwdwh 0 uhfdoo
wkdw e| +714,/ xqhpsor|phqw judgxdoo| dgmxvwv wr wkh vwhdg| vwdwh1 Zkloh wkhvh g|qdplf h￿hfwv
duh xqolnho| wr ryhuwxuq wkh frqfoxvlrqv ri wklv vxevhfwlrq/ wkh| frpsolfdwh frqvlghudeo| wkh
dqdo|vlv1
64E| frqfdylw| ri MEc wklv ghulydwlyh lv pruh olnho| wr eh qhjdwlyh iru orz ydoxhv
ri  Wkdw lv/ dgglwlrqdo oderu pdunhw  h{lelolw| lv pruh olnho| wr uhgxfh xqhp0
sor|phqw zkhq oderu pdunhwv duh yhu| uljlg/ gxh wr wkh juhdwhu pdujlqdo hhfw
rq klulqj qrwhg deryh1 Zh pdnh wklv h{solflw e| dvvxplqj wkdw Ec wkdw lv/
xqhpsor|phqw dv d ixqfwlrq ri oderu pdunhw  h{lelolw| iru jlyhq ^c kdv d xqltxh
plqlpxp Eh  dw d vshflf ohyho ri oderu  h{lelolw| h 
Wklv vlpsoh prgho lv reylrxvo| d vkruw0fxw/ lq wkdw lw grhv qrw wuhdw up eh0
kdylru h{solflwo|/ vtxhh}lqj zkdw lv hvvhqwldoo| d g|qdplf sureohp lqwr d vwdwlf
uhgxfhg0irup klulqj ixqfwlrq1 Wkh dpeljxrxv hhfw ri ulqj surwhfwlrq rq xq0
hpsor|phqw/ gxh wr wkh rssrvlwh uhdfwlrq ri wkh ulqj dqg klulqj udwh/ lv dovr d
zhoo0nqrzq surshuw| dovr ri pruh vrsklvwlfdwhg wkhruhwlfdo prghov ri xqhpsor|0
phqw/ wkh dpeljxlw| lv riwhq wkh edvlv ri dujxphqwv wkdw hdvlhu ulqj uxohv zrxog
qrw qhfhvvdulo| khos uhgxfh wkh kljk Hxurshdq xqhpsor|phqw 0 vhh/ iru lqvwdqfh/
Pruwhqvhq dqg Slvvdulghv +4<<;, iru d vxuyh| ri wkh wkhruhwlfdo olwhudwxuh rq wkh
qdwxudo udwh ri xqhpsor|phqw/ dqg Eodqfkdug +4<<;, rq Hxurshdq xqhpsor|phqw1
Zlwkrxw ixuwkhu h{fxvhv/ zh qrz wxuq wr wkh srolwlfdo htxloleulxp1 Fohduo|/
hpsor|hg dqg xqhpsor|hg yrwhuv glvdjuhh ryhu  h{lelolw|= wkh fxuuhqwo| hpsor|hg
lqvlghuv zdqw wr surwhfw wkhlu mrev/ dqg wkxv glvolnh  h{lelolw|/ zkloh wkh xqhp0
sor|hg rxwvlghuv zhofrph  h{lelolw| dv lw udlvhv wkh klulqj udwh1 Wkh xqhpsor|hg
frqvwlwxwh d plqrulw|/ krzhyhu/ dqg htxloleulxp srolf| lv wkxv fkrvhq vr dv wr
sohdvh wkh hpsor|hg yrwhuv1
Irupdoo|/ wkh htxloleulxp srolf| lv wkh ydoxh ri c zklfk pd{lpl}hv wkh hp0
sor|hg yrwhuv* h{shfwhg olihwlph xwlolw|1 Dv lq wkh suhylrxv vxevhfwlrq/ wkh pd{l0
pdqg lv jlyhq e| T . lq +717,/ h{fhsw wkdw ) lv qrz uhsodfhg e| n^ hyhu|zkhuh1
Wkh uvw0rughu frqglwlrq iru  lv rewdlqhg e| wdnlqj wkh sduwldo ghulydwlyh ri T .
zlwk uhvshfw wr c jlyhq +71<,/ dqg vhwwlqj lw htxdo wr }hur1 Diwhu vrph uhzulwlqj/
zh fdq h{suhvv wkh htxloleulxp frqglwlrq dv=
ME  E n ^M￿E' E  q*q +7144,
Wkh uljkw0kdqg vlgh ri +7144, lv vwulfwo| qhjdwlyh/ dv pxvw eh wkh ohiw0kdqg vlgh1
Exw wkhq/ lw dovr iroorzv iurp +7143, wkdw/ lq htxloleulxp/ Y￿
Y￿ 	 f Wkdw lv/ htxlole0
ulxp xqhpsor|phqw lv deryh lwv plqlpxp/ ghqhg e| Eh c dqg zrxog eh uhgxfhg
e| dgglwlrqdo oderu0pdunhw  h{lelolw|1 Wr surwhfw wkhlu mrev/ wkh pdmrulw| ri hp0
sor|hg yrwhuv uhvwulfwv ulqj wr wkh h{whqw wkdw xqhpsor|phqw lqfuhdvhv1 Wklv dovr
kdv frvwv iru wkh lqvlghuv/ krzhyhu1 Li xqhpsor|hg lq wkh ixwxuh/ wkh| zloo kdyh wr
zdlw orqjhu iru d mre1 Dw vrph srlqw/ wkhvh frvwv ri xqhpsor|phqw ehfrph kljk
65hqrxjk wr rxwzhljk wkh ehqhwv wr lqvlghuv ri wljkwhu oderu0pdunhw uhvwulfwlrqv154
Wklv uhvxow/ wkdw kljk htxloleulxp xqhpsor|phqw lv dovr fdxvhg e| ryhuo| wljkw
ulqj uxohv/ frqwudvwv zlwk wkh suhylrxvo| txrwhg dujxphqwv/ wkdw lv/ wkdw lqfuhdv0
lqj oderu pdunhw  h{lelolw| zrxog qrw qhfhvvdulo| uhgxfh Hxurshdq xqhpsor|phqw1
Wkhvh dujxphqwv duh edvhg rq dq lqfrpsohwh wkhru|/ krzhyhu/ dv wkh| ylhz wkh
ohyho ri h{lvwlqj uhjxodwlrqv dv udqgrp1 Exw srolf| fkrlfhv duh fhuwdlqo| qrw udq0
grp= h{lvwlqj oderu pdunhw uhjxodwlrqv odujho| uh hfw wkh suhihuhqfhv ri wkh pd0
mrulw| ri lqvlghuv1 Li vr/ wkhlu suhglfwhg hhfw rq xqhpsor|phqw lv fohdu= hdvlhu
ulqj uxohv/ li srolwlfdoo| ihdvleoh/ zrxog uhgxfh xqhpsor|phqw1 Wkh ylhz wkdw
h{lvwlqj srolf| fkrlfhv duh qrw udqgrp/ exw v|vwhpdwlfdoo| uhodwhg wr wkh srolwlfdo
dqg hfrqrplf hqylurqphqw/ dovr kdv lpsruwdqw lpsolfdwlrqv iru krz wr dssurdfk
hpslulfdoo| wkh xqhpsor|phqw hhfwv ri dowhuqdwlyh oderu pdunhw srolflhv dqg lq0
vwlwxwlrqv1 Wkhvh lpsolfdwlrqv kdyh/ vr idu/ ehhq qhjohfwhg vr idu lq wkh h{lvwlqj
hpslulfdo olwhudwxuh rq wkh hfrqrplf fdxvhv ri xqhpsor|phqw 0 vhh Od|dug dqg
Qlfnhoo +4<<;, iru d yhu| jrrg uhfhqw vxuyh|1
H{whqvlrqv Duh wkhuh srolf| uhirupv wkdw uhwdlq mre vhfxulw| iru lqvlghuv dqg/
dw wkh vdph wlph/ uhgxfh xqhpsor|phqwB Li vr/ wkh| zrxog fohduo| eh srolwlfdoo|
ihdvleoh/ iru wkh| zrxog uhfhlyh wkh vxssruw ri erwk hpsor|hg dqg xqhpsor|hg
yrwhuv1 Kljkhu sxeolf hpsor|phqw frxog eh rqh vroxwlrq1 Pdujlqdo hpsor|phqw
vxevlglhv ru rwkhu ghylfhv wr vwlpxodwh oderu ghpdqg e| sulydwh upv zrxog eh
dqrwkhu vroxwlrq1 Lq erwk fdvhv/ krzhyhu/ vrph wd{ sd|huv zrxog kdyh wr irrw wkh
eloo1 Lw zrxog dovr eh pruh gl!fxow wr ixoo| dqdo|}h wkh htxloleulxp surylvlrq ri
dowhuqdwlyh sxeolf srolflhv1 Rqh zd| zrxog eh wr frpelqh wklv prgho zlwk wkh
rqh vwxglhg lq Vhfwlrq 5/ zkhuh wkhuh lv lqfrph khwhurjhqhlw| dprqj hpsor|hg
zrunhuv dqg wkh wd{ exughq lv qrw hyhqo| vkduhg dprqj wkhvh1
Vdlqw0Sdxo +4<<9, glvfxvvhv rwkhu sdwkv wr uhirup1 Rqh lv oderu0pdunhw vhj0
phqwdwlrq1 Vxssrvh wkh odz zrxog surylgh wzr nlqgv ri ulqj uhvwulfwlrqv= wljkwhu
rqhv iru rog mrev/ exw orrvhu uhvwulfwlrqv +ru qr uhvwulfwlrqv dw doo, iru qhz mrev1
Vxfk d wzr0wlhu v|vwhp zrxog surwhfw wkh mre vhfxulw| ri lqvlghuv/ zkloh/ dw wkh
vdph wlph/ uhgxflqj xqhpsor|phqw1 Wkxv/ lw zrxog eh dq lpsuryhphqw iru doo
yrwhuv/ dqg zrxog eh vxssruwhg srolwlfdoo|1 Lq wkh orqj uxq/ d sureohp pljkw
hphujh/ krzhyhu1 Dv pruh dqg pruh zrunhuv zrxog ehfrph hpsor|hg rq pruh
54Zlwk hqgrjhqrxv lqfrph wd{hv ru xqhpsor|phqw vxevlglhv/ wkhuh zrxog eh d ixuwkhu frvw
ri kljkhu xqhpsor|phqw= surylglqj xqhpsor|phqw lqvxudqfh ehfrphv pruh h{shqvlyh/ dv wd{hv
pxvw lqfuhdvh ru/ htxlydohqwo|/ orzhu xqhpsor|phqw ehqh￿wv fdq eh ￿qdqfhg rxw ri jlyhq wd{
uhyhqxhv1
66 h{leoh frqwudfwv/ lqvlghuv pljkw ehfrph d srolwlfdo plqrulw| lq wkh vhqvh wkdw
wkhlu oderu pdunhw surwhfwlrq frxog eh vfudsshg dqg wkhlu uhqwv hurghg1 H{shf0
wdwlrqv ri wklv orqj0uxq rxwfrph frxog uhgxfh wkh vxssruw ri lqvlghuv iru d wzr0wlhu
oderu pdunhw1 Vdlqw0Sdxo +4<<9, vkrzv d srvvleoh vroxwlrq1 Ohvv surwhfwhg mrev
vkrxog rqo| uhpdlq vr whpsrudulo|1 Wkdw lv/ wkh odz vkrxog vshfli| d frqyhuvlrq
fodxvh= diwhu vrph wlph/ qhz mrev vkrxog hlwkhu ehfrph uhjxodu dqg hqmr| wkh ixoo
ehqhwv ri wljkw ulqj uxohv/ ru wkh| vkrxog eh vfudsshg1 Vxfk d uhirup zrxog
vwloo uhgxfh xqhpsor|phqw/ zlwkrxw dgyhuvh orqj0uxq srolwlfdo frqvhtxhqfhv1
Uhvhdufk rq wkhvh lvvxhv lv vwloo vfdufh1 Kljk htxloleulxp xqhpsor|phqw kdv
ehfrph d shuydvlyh dqg shuvlvwhqw skhqrphqrq lq Hxursh gxulqj wkh odvw wzr
ghfdghv1 Dw d jhqhudo ohyho/ wkh glvfxvvlrq deryh vxjjhvwv wkdw wklv skhqrphqrq
uh hfwv vlplodu srolwlfdo irufhv/ qdpho| wkh srolwlfdo suhihuhqfhv ri wkh pdmrulw|/
frqvlvwlqj ri wkh lqvlghuv lq wkh oderu pdunhw1 Exw wkhuh lv dovr d yhu| lqwhuhvwlqj
yduldwlrq dfurvv frxqwulhv/ zlwk uhjdug wr wkh h{whqw ri wkh xqhpsor|phqw sureohp
dqg wkh wlplqj dqg w|sh ri srolf| uhirupv dgrswhg1 Vrph frxqwulhv/ qrwdeo| Vsdlq/
wkdw lqwurgxfhg wljkw oderu pdunhw uhvwulfwlrqv dw dq hduo| vwdjh/ h{shulhqfhg yhu|
kljk xqhpsor|phqw dqg kdyh rqo| odwho| lqwurgxfhg uhirupv lq wkh gluhfwlrq ri d
wzr0wlhu v|vwhpv155 Lq wkh XN/ oderu pdunhwv zhuh lqvwhdg ghuhjxodwhg lq pruh
frqyhqwlrqdo zd|v lq wkh hljkwlhv/ e| ydulrxv uhirupv glplqlvklqj wkh lq xhqfh ri
xqlrqv1 Frxqwulhv olnh Vzhghq lqwurgxfhg ohjlvodwlrq surylglqj kljkhu mre vhfxulw|
lq wkh hduo| vhyhqwlhv/ exw dyrlghg kljk xqhpsor|phqwiru vrph wlph/ dw ohdvw
e| h{sdqglqj sxeolf hpsor|phqw1 Xqghuvwdqglqj vxfk glhuhqfhv lq srolf| uhirup
lv dq lpsruwdqw wrslf iru ixwxuh uhvhdufk1
Dqrwkhu lqwhuhvwlqj txhvwlrq lv zk| glhuhqw frxqwulhv uhvruw wr glhuhqw frp0
elqdwlrqv ri ulqj surwhfwlrq dqg xqhpsor|phqw lqvxudqfh wr surwhfw wkh lqvlghuv
djdlqvw wkh ulvn ri ehfrplqj xqhpsor|hg1 Exwl/ Vhvwlwr dqg Shqfk +4<<;, srlqw
rxw wkdw lq furvv frxqwu| gdwd/ wkhuh lv d qhjdwlyh uhodwlrqvkls ehwzhhq wkhvh
wzr srolflhv= frxqwulhv/ vxfk dv Lwdo|/ zkhuh ulqj lv yhu| gl!fxow dovr whqg wr
kdyh yhu| vpdoo xqhpsor|phqw lqvxudqfh surjudpv/ dqg ylfhyhuvd1 Lq wkh suhyl0
rxv vxevhfwlrq/ zh glvfxvvhg vrph frpsdudwlyh vwdwlf uhvxowv/ uhodwlqj htxloleulxp
xqhpsor|phqw lqvxudqfh wr h{rjhqrxv klulqj dqg ulqj udwhv1 Exw zkdw pdnhv
frxqwulhv fkrrvh glhuhqw frpelqdwlrqv ri wkhvh lqvwuxphqwv B Rqh srvvleoh dq0
vzhu lv uhodwhg wr wkh srolwlfdo lq xhqfh ri wkh lqvlghuv= ulqj surwhfwlrqv duh ri
pruh ehqhw wr wkh fxuuhqwo| hpsor|hg/ zkloh xqhpsor|phqw lqvxudqfh lv ri pruh
55Uhfhqw XV ghyhorsphqw wrzdugv wzr0wlhu oderu frqwudfwv kdyh ehhq fkdudfwhul}hg e| gl￿hu0
hqfhv lq zdjhv/ udwkhu wkdq lq mre vhfxulw|1 Wklv gl￿huhqfh pd| uhodwh wr wkh riw0qrwhg gl￿huhqfh
lq zdjh  h{lelolw| rq wkh wzr vlghv ri wkh Dwodqwlf +zh rzh wklv revhuydwlrq wr Dodq Dxhuedfk1,
67ehqhw wr wkh fxuuhqwo| xqhpsor|hg1 Wkxv/ wkh frpelqdwlrq ri wkhvh wzr wrrov
wkdw lv fkrvhq suredeo| uh hfwv wkh uhodwlyh srolwlfdo lq xhqfh iru wkh lqvlghuv1
Exw wr pruh wkrurxjko| dgguhvv wklv lvvxh/ zh pxvw jr eh|rqg wkh vlpsoh phgldq
yrwhu prgho glvfxvvhg vr idu/ dqg lqyhvwljdwh rwkhu vrxufhv ri srolwlfdo lq xhqfh1
Oderu xqlrqv lq pdq| frxqwulhv duh yhu| zhoo rujdql}hg dqg zhoo frqqhfwhg zlwk
srolwlfdo sduwlhv rq wkh ohiw1 Pruhryhu/ wkhlu srolwlfdo dfwlylwlhv jr zhoo eh|rqg
wkh yrwlqj ehkdylru ri wkhlu phpehuv1 Vxfk dfwlylwlhv wdnh xv lqwr wkh grpdlq ri
vshfldo lqwhuhvw srolwlfv/ krzhyhu/ zklfk lv wkh wrslf ri Sduw LL ehorz1
Ilqdoo|/ dqrwkhu uvw0rughu txhvwlrq lv wr xqghuvwdqg zk| Hxurshdq dqg XV
+pruh jhqhudoo| Dqjor0Vd{rq, oderu pdunhwv glhu wr vxfk dq h{whqw1 Dq lqwhu0
hvwlqj srvvlelolw| lv wkdw zh revhuyh d pdqlihvwdwlrq ri pxowlsoh htxloleuld1 Wkh
vlpsoh prgho lq wklv vhfwlrq lqfoxghv d wzr0zd| pdsslqj= iurp oderu pdunhw sro0
l f |w rx q h p s o r | p h q wd q gi u r px q h p s o r | p h q ww rs r o l f | 1V x s s r v hl wz d vh q u l f k h g
zlwk/ vd|/ d vhdufk prgho ri wkh oderu pdunhw/ vr wkdw htxloleulxp xqhpsor|phqw
zdv h{solflwo| ghwhuplqhg e| pd{lpl}lqj fkrlfhv ri upv dqg zrunhuv1 Lw lv qrw
lqfrqfhlydeoh wkdw vxfk d prgho zrxog doorz iru pxowlsoh htxloleuld zlwk glhu0
hqw ohyhov ri xqhpsor|phqw ehlqj vxssruwhg e| glhuhqw htxloleulxp oderu0pdunhw
srolflhv/ lq dqdorj| zlwk wkh diruhphqwlrqhg sdshu e| Kdvvohu hw do +4<<;,1
7171 Qrwhv rq wkh olwhudwxuh
D kxjh olwhudwxuh glvfxvvhv krz h{rjhqrxv hfrqrplf srolf| dhfwv xqhpsor|phqw 0
vhh wkh uhfhqw vxuyh|v e| Ehuwrod +4<<;,/ Od|dug dqg Qlfnhoo +4<<;, dqg Pruwhqvhq
dqg Slvvdulghv +4<<;,1 Uhvhdufk rq zkdw phfkdqlvpv ghwhuplqh wkh hfrqrplf
srolflhv wkdw kdyh lpsdfw rq wkh oderu pdunhw lv/ krzhyhu/ pxfk pruh vfdqw1 Wkh
prgho ri yrwlqj ryhu xqhpsor|phqw lqvxudqfh ri vxevhfwlrqv 7140715 gudzv rq
Zuljkw +4<;9,1 Lw fdq eh h{whqghg wr doorz vhoi lqvxudqfh wkurxjk eruurzlqj dqg
ohqglqj/ dv lq Kdvvohu dqg Urguljxh}0Prud +4<<:,/ ru wr doorz ihhgedfn hhfwv
iurp xqhpsor|phqw lqvxudqfh wr htxloleulxp xqhpsor|phqw/ dv lq Kdvvohu hw
do1 +4<<;,1 Wkh srolwlfdo frq lfw ehwzhhq lqvlghuv dqg rxwvlghuv dqg wkh lvvxhv
glvfxvvhg lq vxevhfwlrq 716 kdyh ehhq vwxglhg e| Vdlqw0Sdxo +4<<6,/ +4<<9,/ zkr
dovr glvfxvvhv wkh srolwlfdo ihdvlelolw| ri dowhuqdwlyh uhirupv1
81 Qruwk yv Vrxwk
Lqfrph lqhtxdolwlhv riwhq uh hfw uhjlrqdo +dv rssrvhg wr lqglylgxdo, ihdwxuhv1 Uh0
jlrqv duh ulfk ru srru/ gxh wr wkhlu hqgrzphqwv ri qdwxudo uhvrxufhv/ wkhlu vhfwru0
68ldo ru rffxsdwlrqdo frpsrvlwlrq/ wkhlu fxowxudo dqg vrflrorjlfdo dwwulexwhv/ ru mxvw
klvwrulfdo dfflghqw1 Surjudpv uhglvwulexwlqj dfurvv lqglylgxdov wkhq dovr uhglv0
wulexwh dprqj uhjlrqv1 Exw d uhjlrqdo frq lfw fdq eh ghdow zlwk lq rwkhu zd|v
wkdq wkurxjk pdmrulw| ghflvlrqv rq wd{hv1 Lq sduwlfxodu/ dfxwh uhjlrqdo frq lfw
fdq ohdg wr vhfhvvlrq1 Ylfhyhuvd/ uhglvwulexwlyh jdlqv pd| lqgxfh srru uhjlrqv wr
vhhn srolwlfdo lqwhjudwlrq zlwk ulfkhu uhjlrqv1 Exw vhfhvvlrq ru lqwhjudwlrq dovr
hqwdlo rwkhu frqvlghudwlrqv/ uhodwlqj wr hfrqrplhv ri vfdoh lq sxeolf jrrg suryl0
vlrq/ wdvwh khwhurjhqhlw|/ srolwlfdo dqg fxowxudo ydoxhv1 Zklfk uhjlrqv duh pruh
olnho| wr lqwhjudwh srolwlfdoo| B Dqg zklfk uhjlrqv ru jurxsv ri yrwhuv duh pruh
olnho| wr idyru vhfhvvlrq B Krz grhv wkh wkuhdw ri vhfhvvlrq prgli| wkh vl}h ri
uhglvwulexwlyh surjudpv B Krz lv wkh vl}h ri wkhvh surjudpv dhfwhg e| srolwlfdo
lqwhjudwlrq B Wklv vhfwlrq dgguhvvhv wkhvh txhvwlrqv lq d vlpsoh h{whqvlrq ri wkh
prgho iurp Vhfwlrq 5/ vxjjhvwhg e| Erowrq dqg Urodqg +4<<:, dqg Shuvvrq dqg
Wdehoolql +4<<7f,1 Uhglvwulexwlrq lv lqglylgxdoo| edvhg dqg wkhuh duh qr lqwhu0
jryhuqphqwdo wudqvihuv1 Exw dv dyhudjh lqfrph glhuv dfurvv uhjlrqv> d srolf|
uhglvwulexwlqj iurp ulfk wr srru lqglylgxdov dovr uhglvwulexwhv dfurvv uhjlrqv1 Dqg
uhjlrqv/ xqolnh lqglylgxdov/ kdyh wkh rswlrq wr rsw rxw ri d uhglvwulexwlyh surjudp/
ru mrlq lw wkurxjk lqwhjudwlrq1 Zh vwxg| krz wkh yrwhuv* fkrlfhv ri eurdg uhglv0
wulexwlyh surjudpv lqwhudfw zlwk wkh ghflvlrq wr vhfhgh dqg lqwhjudwh lq srolwlfdo
htxloleulxp1
8141 D vlpsoh prgho ri uhjlrqdo uhglvwulexwlrq
Frqvlghu rxu suhylrxv edvlf prgho ri uhglvwulexwlrq iurp ulfk wr srru uhjlrqv/ exw
zlwk wkh srsxodwlrq vsuhdg ryhu wzr uhjlrqv/ a ' -c Wkhvh uhjlrqv duh lghqwlfdo
lq doo uhvshfw/ h{fhsw lq wkh glvwulexwlrq ri lqglylgxdo hqgrzphqwv/ e￿c dqg lq
srsxodwlrq vl}h1 Ohw a eh wkh srsxodwlrq ri uhjlrq a/ zlwk wrwdo srsxodwlrq
 ' - n ￿ Dyhudjh dqg phgldq hqgrzphqwv lq uhjlrq a duh ghqrwhg ea
dqg e6ac uhvshfwlyho|1 Uhjlrq - kdv d kljkhu @eo@}e hqgrzphqw> vshflfdoo|G
e-  f  e￿ Zh qrupdol}h vxfk wkdw wkh qdwlrq0zlgh dyhudjh hqgrzphqw lv }hur=
+-e-n￿e￿* 'f Dv ehiruh/ wkh qdwlrq0zlgh phgldq hqgrzphqw ehorz wkh
dyhudjh= e6 	 f
Zh qhhg vrph prwlyh iru wkh wzr uhjlrqv wr irup d vlqjoh mxulvglfwlrq1 D
qdwxudo dvvxpswlrq lv wkdw sxeolf uhyhqxh fdq dovr eh doorfdwhg wr wkh frqvxpswlrq
ri d qdwlrqdo sxeolf jrrg/ }c zklfk |lhogv wkh vdph shu fdslwd xwlolw| ME} wr hyhu|
flwl}hq lq hyhu| uhjlrq1 Wkh sxeolf jrrg lv qrq0ulydo dqg h{foxgdeoh dfurvv/ exw qrw
zlwklq/ uhjlrqv1 Hqmr|lqj wkh xwlolw| iurp wklv sxeolf jrrg uhtxluhv wkh wzr uhjlrqv
69wr eh srolwlfdoo| xqlwhg1 Li wkh| duh vhsdudwh/ wkh sxeolf jrrg pxvw eh vhsdudwho|
surylghg lq hdfk uhjlrq/ iruhjrlqj wkh hfrqrplhv ri vfdoh dvvrfldwhg zlwk frpprq
surylvlrq1 H{dpsohv ri wkhvh w|shv ri sxeolf jrrgv duh qdwlrqdo ghihqvh/ wkh
dgplqlvwudwlrq ri mxvwlfh/ wkh hqirufhphqw ri odz dqg rughu1 Wkh jryhuqphqw




' uE  +814,
Wkh qrwdwlrq lv dv lq Vhfwlrq 51 Wkxv/ s lv d oxps0vxp wudqvihu wr hyhu| lqglylgxdo/
 lv d sursruwlrqdo lqfrph wd{ udwh/ dqg uE lv dyhudjh oderu vxsso|1 Xqghu
vhsdudwlrq/ hdfk uhjlrq a idfhv wkh vdph exgjhw frqvwudlqw/ h{fhsw wkdw dyhudjhv







Wkurxjkrxw wkh vhfwlrq/ zh dvvxph wkdw htxloleulxp uhglvwulexwlyh wudqvihuv duh
srvlwlyh +s:fc zlwk ru zlwkrxw vhsdudwlrq1 Xqghu wklv dvvxpswlrq/ wkhuh lv
qr frq lfw ehwzhhq flwl}hqv ryhu wkh dprxqw ri sxeolf jrrgv wr surylgh/ dqg wkh
htxloleuld zlwk ru zlwkrxw vhsdudwlrq duh vwudljkwiruzdug h{whqvlrqv ri wkh uhvxowv
ghulyhg lq Vhfwlrq 51
Iluvw/ vxssrvh wkdw wkh wzr uhjlrqv uhpdlq xqlwhg1 Dv lq Vhfwlrq 5 +zlwk
e 'f ,/ wkh wd{ udwh suhihuuhg e| wkh slyrwdo yrwhu zlwk phgldq hqgrzphqw lv e 
L '









Lqwxlwlyho|/ wkh rssruwxqlw| frvw ri surylglqj rqh pruh xqlw ri wkh sxeolf jrrg
lv d uhgxfwlrq ri oxps0vxp wudqvihuv iru doo yrwhuv1 Vlqfh wkh pdujlqdo xwlolw| ri
lqfrph lv / wkh rssruwxqlw| frvw iru hyhu| yrwhu lv * Htxdwlqj wklv wr wkh
pdujlqdo ehqhw ri wkh sxeolf jrrg/ M}c |lhogv +815, zklfk frlqflghv zlwk wkh
vwdqgdug h!flhqf| frqglwlrq iru d sxuh sxeolf jrrg1
Qh{w/ vxssrvh wkdw wkh uhjlrqv duh vhsdudwhg1 Yrwhuv zlwklq hdfk uhjlrq djuhh
wkdw wkh rswlpdo dprxqw ri wkh sxeolf jrrg lq uhjlrq a lv = e }a ' M3￿
} E* ac iru
a ' -c Dv lq Vhfwlrq 5/ wkh wd{ udwh suhihuuhg e| wkh uhjlrqdo phgldq yrwhu lv







1+ 8 1 6 ,
6:Wkh oxps0vxp wudqvihu lv uhvlgxdoo| ghwhuplqhg iurp wkh uhohydqw jryhuqphqw
exgjhw frqvwudlqw/ jlyhq wkh htxloleulxp ydoxhv e 
a dqg e }a1
8151 Lqwhjudwlrq ru qrwB
Zh qrz dvn zklfk ri wkhvh htxloleuld lv suhihuuhg e| d pdmrulw| ri wkh yrwhuv zlwklq
hdfk uhjlrq1 Wklv lv wkh dssursuldwh txhvwlrq zkhq dqdo|}lqj wkh ghwhuplqdqwv ri
srolwlfdo lqwhjudwlrq= wkdw lv/ zkhq wzr vhsdudwh uhjlrqv frqvlghu zkhwkhu ru qrw
wr ehfrph srolwlfdoo| xqlwhg1 Irupdoo|/ vxssrvh wkdw yrwhuv lq erwk uhjlrqv kdyh
wr yrwh |hv ru qr ryhu d sursrvdo ri lqwhjudwlrq lq d vhsdudwh uhjlrqdo uhihuhqgxp1
Li d pdmrulw| yrwhv |hv lq erwk uhjlrqv/ wkhq qdwlrq0zlgh srolf| lv vhw lq qdwlrqdo
hohfwrudo frpshwlwlrq/ surgxflqj srolf| +e 
Lc e }L, 1 L idp d m r u l w |y r w h vq rl qd w
ohdvw rqh uhjlrq/ wkhq uhjlrq0zlgh srolf| lv vhw lq uhjlrqdo hohfwrudo frpshwlwlrq/
surgxflqj uhjlrqdo srolflhv +e 
ac e }a,/ a ' -c Dv glvfxvvhg ixuwkhu ehorz/ d
ghflvlrq derxw vhsdudwlrq pd| uhtxluh d pruh frpsoh{ surfhgxuh wkdq d pdmrulw|
yrwh lq hdfk uhjlrq1 Pruhryhu/ lq wkh suhvhqfh ri d fuhgleoh wkuhdw wr vhfhgh/
htxloleulxp qdwlrqdo srolf| pd| eh dgdswhg wr dyrlg glvuxswlyh vhsdudwlrq1
Dv suhihuhqfhv duh vlqjoh shdnhg dqg prqrwrqlf lq hqgrzphqwv/ wkh suhihu0
hqfhv ri wkh uhjlrqdo phgldq yrwhuvjlyhq wkh shuihfwo| iruhvhhq srolf| frqvh0
txhqfhv lq hdfk fdvhduh ghflvlyh iru wkh rxwfrph ri hdfk uhjlrqdo uhihuhqgxp1
Ohw d` 6aEe 
anMEe } a
} a
￿aoeh wkh lqgluhfw xwlolw| ri wkh phgldq yrwhu lq uhjlrq
a li vhsdudwhg/ jlyhq wkh uhjlrqdo htxloleulxp wd{ udwh e 
a dqg sxeolf jrrg e }a1
Wkh whup
`
6aE  E  EuEne
￿nTE  uE n EuEne
a +817,
uhihuv wr wkh lqgluhfw xwlolw| iurp sulydwh frqvxpswlrq dqg ohlvxuh dqg lv ghqhg
dv lq +517,1 Jlyhq +817,/ wkh lqgluhfw xwlolw| ri wkh phgldq yrwhu lq uhjlrq ac
li wkh wzr uhjlrqv duh xqlwhg/ lv= d`6aEe 
L  e 
Lea n MEe }L 
e }L
￿ oc zkhuh e 
L lv
wkh htxloleulxp qdwlrqdo wd{ udwh +vxfk wkdw s:fc dqg e }L lv rswlpdo sxeolf
jrrg surylvlrq 0 uhfdoo wkh dvvxpswlrq wkdw wkh qdwlrqdo dyhudjh hqgrzphqw lv
}hur1 Iurp wkh srlqw ri ylhz ri wkh uhjlrqdo phgldq yrwhu/ lqwhjudwlrq hylghqwo|
pdwwhuv iru wzr uhdvrqv= wkh oxps vxp wudqvihu kh uhfhlyhv lv glhuhqw/ dv erwk
wkh wd{ udwh dqg wkh wd{ edvh glhu/ dqg wkh txdqwlw| dqg frvw ri wkh sxeolf jrrg
duh glhuhqw1
H{sorlwlqj wkh deryh h{suhvvlrqv/ zh fdq h{suhvv wkh qhw jdlq iurp lqwhjudwlrq
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zkhuh ja ' +MEe }Le }L*EMEe }ae }a* a : f lv d phdvxuh ri wkh h!flhqf|
jdlq ri lqwhjudwlrq11 Li {a lv srvlwlyh +qhjdwlyh,/ d pdmrulw| ri yrwhuv lq uhjlrq a
qgv lqwhjudwlrq vxshulru +lqihulru, wr vhsdudwlrq1 Wkh uljkw0prvw h{suhvvlrq lq
+818, lghqwlhv wkuhh hhfwv ri lqwhjudwlrq1 Wkh uvw whup/ zlwklq vtxduh eudfnhwv/
lv d sxuho| srolwlfdo dxwrqrp| orvv 1 Li wkh uhodwlyh lqfrph ri wkh uhjlrqdo dqg
wkh qdwlrqdo phgldq yrwhu gr qrw frlqflgh l1h1 li +e6a 9' e6 ,/ lqwhjudwlrq fkdqjhv
wkh lghqwlw| ri wkh ghflvlyh yrwhu dqg wkxv htxloleulxp srolf| +l1h1 e 
a 9' e 
L1W k l v
fdq qhyhu lpsuryh wkh zhoiduh iru wkh uhjlrqdo phgldq +dv ` 6aEe 
a frqvwlwxwhv d
pd{lpxp,/ vr wkh dxwrqrp| orvv pxvw eh qrq0srvlwlyh1 Wkh vhfrqg whup/ e 
Leac
lv d wd{0edvh hhfw/ gxh wr glhuhqfhv lq dyhudjh shu0fdslwd lqfrph ehwzhhq
uhjlrqv1 Wkh wd{0edvh hhfw iurp lqwhjudwlrq lv qhjdwlyh +srvlwlyh, iru wkh phgldq
lq wkh ulfk +srru, uhjlrq/ dv e- : f +e￿ 	 f,1 Wkh odvw whup/ jac dv h{sodlqhg
deryh/ lv dq h!flhqf| jdlq ri lqwhjudwlrq/ gxh wr wkh hfrqrplhv ri vfdoh lq sxeolf
jrrg surylvlrq1
Frqvlghu uvw wkh vshfldo fdvh ea 'f cl1h1 dyhudjh lqfrph lq uhjlrq a lv
lghqwlfdo wr wkh qdwlrqdo dyhudjh1 Wklv phdqv wkdw wkh wd{ edvh hhfw lv }hur dqg
wkdw +818, uhgxfhv wr {a 'd ` 6aEe 
L  ` 6aEe 
ao n ja1 Lqwhjudwlrq frxog vwloo
eh vxe0rswlpdo iru d pdmrulw| lq uhjlrq a/ li wkh uhjlrqdo glvwulexwlrq ri uhodwlyh
lqfrph glhuv hqrxjk iurp wkh qdwlrq0zlgh glvwulexwlrq1 Wkhq/ wkh dxwrqrp|
orvv pd| eh odujh hqrxjk wr frpshqvdwh iru wkh h!flhqf| jdlq1 Qh{w/ vxssrvh
wkdw e 
a ' e 
Lc ehfdxvh e6a ea ' e6 Wkhq +818, uhgxfhv wr= {a ' e 
Lea nja
Fohduo|/ wkh srru uhjlrq dozd|v jdlqv iurp lqwhjudwlrq zkloh wkh ulfk uhjlrq frxog
orvh li lw lv vr ulfk wkdw wkh qhjdwlyh wd{ edvh hhfw pruh wkdq rvhwv wkh h!flhqf|
jdlq1 Qrw vxusulvlqjo|/ wkh srru uhjlrq lv wkxv pruh olnho| wr suhihu lqwhjudwlrq1
Lw lv hqwluho| srvvleoh/ krzhyhu/ wkdw lqwhjudwlrq lv idyruhg e| wkh ulfk dqg rssrvhg
e| wkh srru uhjlrq1 Wklv frxog kdsshq li e- lv vpdoo dqg e6- * e6 Wkdw lv/ wkh
ulfk uhjlrq lv qrw yhu| ulfk dqg lwv lqfrph glvwulexwlrq lv vlplodu wr wkdw ri wkh
lqwhjudwhg qdwlrq/ zkloh wkh lqfrph glvwulexwlrq lq wkh srru uhjlrq lv yhu| glhuhqw
iurp wkh lqwhjudwhg qdwlrq/ vr wkdw wkh dxwrqrp| orvv lq wd{dwlrq lv yhu| frvwo|
iru wkh srru uhjlrq1 Ilqdoo|/ qrwh wkdw wkh h!flhqf| jdlq/ jac lv dozd|v odujhu iru
d vpdoohu uhjlrq +wkdw lv wkh vpdoohu lv a uhodwlyh wr ,/ dv wkh hfrqrplhv ri vfdoh
duh wkhq pruh lpsruwdqw1 Vxppdul}lqj/ wkh jdlqv iurp lqwhjudwlrq duh odujhu iru
d srruhu dqg vpdoohu uhjlrq/ dqg iru d uhjlrq zlwk d uhodwlyh lqfrph glvwulexwlrq
pruh vlplodu wr wkh uhvw ri wkh qdwlrq1
Lqwhjudwlrq frxog eh h!flhqw iru uhdvrqv ehvlgh wkh hfrqrplhv ri vfdoh lq sxeolf
jrrg surylvlrq1 Lq sduwlfxodu/ wkh sdudphwhu ja frxog dovr uh hfw orzhu wudgh dqg
6<wudqvdfwlrq frvwv xqghu srolwlfdo lqwhjudwlrq1 Wklv revhuydwlrq vxjjhvwv wkdw dv
hfrqrplf lqwhjudwlrq lqfuhdvhv wkurxjkrxw wkh zruog/ vhfhvvlrq ehfrphv d pruh
olnho| rxwfrph1 Wkdw lv/ lqwhuqdwlrqdo hfrqrplf lqwhjudwlrq frxog ohdg wr srolwlfdo
glvlqwhjudwlrq/ ehfdxvh lw uhgxfhv wkh frvw ri srolwlfdo vhsdudwlrq1 Wkh lghd ri
d Hxursh ri Uhjlrqv lv d qdwxudo lpsolfdwlrq ri wklv olqh ri wkrxjkw1 Dohvlqd/
Vsrodruh dqg Zdf}lduj +4<<:, grfxphqw wkh hhfw ri wudgh rshqqhvv rq frxqwu|
vl}h dqg qrwh wkdw lq wkh 83 |hduv diwhu Zruog Zdu LL/ d shulrg ri juhdw wudgh
olehudol}dwlrq/ wkh qxpehu ri frxqwulhv pruh wkdq grxeohg1
Exw h!flhqf| lv qrw d vx!flhqw frqglwlrq iru lqwhjudwlrq wr rffxu1 Li lqwhjud0
wlrq lv fkrvhq ghprfudwlfdoo| xqghu pdmrulw| uxoh/ h!flhqf| hqkdqflqj srolwlfdo
lqwhjudwlrq pljkw eh iruhjrqh/ iru ihdu ri lwv uhglvwulexwlyh frqvhtxhqfhv1 Dohvlqd
dqg Vsrodruh +4<<:, dqdo|}h d uhodwhg vhw0xs exw irfxv rq khwhurjhqhlw| lq suhi0
huhqfhv udwkhu wkdq khwhurjhqhlw| lq lqfrph1 Wkh| frqfoxgh wkdw ghprfudf| fdq
ohdg wr dq lqh!flhqwo| odujh qxpehu ri qdwlrqv ru/ htxlydohqwo|/ wkdw wkh vl}h ri
ghprfudwlf frxqwulhv fdq eh lqh!flhqwo| vpdoo1
Ilqdoo|/ zkdw lv wkh hhfw ri lqwhjudwlrq rq wkh vl}h ri jryhuqphqw B Lw lv hdv|




￿a 1 Wkh hhfw ri lqwhjudwlrq rq wkh vl}h ri s fdq jr hlwkhu zd|/ ghshqglqj rq
zkhwkhu lqwhjudwlrq lqfuhdvhv ru uhgxfhv wkh glvwdqfh ehwzhhq phgldq dqg phdq
lqfrph1 Exw Shuvvrq dqg Wdehoolql +4<<7f, vkrz wkdw/ zlwk hqrxjk v|pphwu|/
lqwhjudwlrq lv olnho| wr uhgxfh wkh htxloleulxp vl}h ri uhglvwulexwlyh surjudpv156
Erwk irufhv wkxv sxvk lq wkh vdph gluhfwlrq= srolwlfdo lqwhjudwlrq lv olnho| wr fuhdwh
vpdoohu jryhuqphqwv1 Dohvlqd dqg Zdf}lduj +4<<;, surylgh hpslulfdo hylghqfh
vxssruwlqj wklv sursrvlwlrq1 Frqwuroolqj iru d qxpehu ri rwkhu yduldeohv/ wkh| vkrz
wkdw odujhu frxqwulhv whqg wr kdyh vpdoohu jryhuqphqwv1 Wklv hhfw lv sduwlfxoduo|
urexvw iru jryhuqphqw frqvxpswlrq/ zkhuh wkh hhfw ri wkh hfrqrplhv ri vfdoh lv
olnho| wr eh vwurqjhvw1 Wkh hhfw ri frxqwu| vl}h rq jryhuqphqw wudqvihuv lv pruh
iudjloh/ krzhyhu/ dqg glvdsshduv zkhq frqwuroolqj iru rshqqhvv wr lqwhuqdwlrqdo
56Vxssrvh wkdw wkh wzr uhjlrqv duh ri htxdo vl}h dqg wkh glvwulexwlrq lv wkh vdph zlwklq hdfk
uhjlrq/ vr wkdw hpU ￿ hU @ hpS ￿ hS ? 3= Wkhq/ e| +816,/ wkh| dovr kdyh wkh vdph wd{ udwh li
vhsdudwhg/ e ￿
M1 Wr frpsduh e ￿
M dqg e ￿
X> zh qhhg wr frpsduh wkh phgldq ri wkh lqwhjudwhg qdwlrq/
hp> zlwk wkh dyhudjh ri wkh uhjlrqdo phgldqv/ +hpU . hpS,@51L i h pA + h pU . hpS,@5> wkhq
lqwhjudwlrq uhgxfhv wkh glvwdqfh ehwzhhq phgldq dqg phdq lqfrph +uhfdoo wkdw/ e| dvvxpswlrq/
hp ? 3 dqg +hU . hS,@5@3 , >dqg wkh vl}h ri jryhuqphqw vkulqnv> wkh rssrvlwh kdsshqv li
lqhtxdolw| jrhv wkh rwkhu zd|1 Lw wxuqv rxw wkdw/ li wkh uhjlrqdo glvwulexwlrqv duh vnhzhg wr wkh
uljkw/ wkhq hp A +hpU.hpS,@5 lv pruh olnho| +Shuvvrq dqg Wdehoolql +4<<7f, surylgh d vx!flhqw
frqglwlrq,1
73wudgh157
D uhodwhg txhvwlrq frqfhuqv wkh hhfwv dqg wkh ghwhuplqdqwv ri fhqwudol}dwlrq
ri jryhuqphqw ixqfwlrqv/ zlwklq d suh0h{lvwlqj srolwlfdo hqwlw|1 Lw lv eh|rqg wkh
vfrsh ri wklv fkdswhu wr vxuyh| wkh odujh olwhudwxuh rq vfdo ihghudolvp wkdw wrxfkhv
xsrq wklv txhvwlrq1 Lq Sduw LL/ krzhyhu/ zh glvfxvv wkh hhfw ri fhqwudol}dwlrq rq
htxloleulxp vshqglqj rq orfdo sxeolf jrrgv/ dqg zh vkrz wkdw/ frqwudu| wr wkh
uhvxowv ri wklv vhfwlrq/ fhqwudol}dwlrq ri orfdo sxeolf jrrgv fdq yhu| zhoo ohdg wr
odujhu htxloleulxp vshqglqj1
8 1 6 1W k hw k u h d wr iv h f h v v l r q
Krz grhv wkh wkuhdw ri vhfhvvlrq lq xhqfh uhglvwulexwlyh srolflhv/ li wkh wzr uhjlrqv
duh douhdg| srolwlfdoo| lqwhjudwhgB Wkh dqvzhu wr wklv txhvwlrq ghshqgv rq dvshfwv
ri wkh frqvwlwxwlrq/ vxfk dv wkh surfhgxuh iru vhfhglqj dqg iru vhwwlqj qdwlrqdo
srolf|1 Lq wklv vxevhfwlrq/ zh dvvxph wkdw vhfhvvlrq lv frqvwlwxwlrqdoo| ihdvleoh li
dssuryhg e| d pdmrulw| ri wkh flwl}hqv lq dq| ri wkh wzr uhjlrqv/ dqg zh frqwlqxh wr
dvvxph wkdw uhglvwulexwlyh srolflhv duh wkh uhvxow ri hohfwrudo frpshwlwlrq ehwzhhq
r!fh0prwlydwhg srolwlfldqv1 Vshflfdoo|/ frqvlghu wkh iroorzlqj wkuhh0vwdjh jdph1
+l, D wd{ udwh dqg d ohyho ri sxeolf jrrgv +Lc} L, duh vhw lq +Grzqvldq, hohfwrudo
frpshwlwlrq dw wkh qdwlrq0zlgh ohyho1 +ll, Yrwhuv lq hdfk uhjlrq wdnh d ghflvlrq/
e| uhihuhqgxp/ rq zkhwkhu ru qrw wr vhfhgh +lll, Li d pdmrulw| ri yrwhuv lq rqh
uhjlrq yrwhv lq idyru/ vhfhvvlrq wdnhv sodfh/ dqg erwk uhjlrqv uhvhw wkhlu srolflhv
lq frqqhfwlrq zlwk qhz uhjlrqdo hohfwlrqv1
Zh douhdg| nqrz wkh rxwfrph dw vwdjh +lll, wr eh e 
a dqg e }a iurp wkh suhylrxv
dqdo|vlv1 Dw vwdjh +ll,/ vhfhvvlrq zloo eh uhmhfwhg li qhlwkhu uhjlrqdo phgldq yrwhu
jdlqv iurp lw Irupdoo|/ wkh frqglwlrq iru qr vhfhvvlrq lv wkdw wkh qdwlrq0zlgh wd{
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c +819,
zkhuh {aE lv ghqhg h{dfwo| dv lq +818,/ exw iru dq duelwudu| qdwlrq0zlgh wd{
udwh1 +Zh kdyh dovr qrw pdgh h{solflw wkh ghshqghqf| ri wklv vhw rq wkh prgho
sdudphwhuv +vxfk dv ace achwf1,,1
Li wkh qr0vhfhvvlrq vhw lv hpsw|/ vhfhvvlrq lv wkh rqo| ihdvleoh rxwfrph= qr wd{
udwh fdq lqgxfh erwk uhjlrqv wr vwd| xqlwhg1 Dv qrwhg lq wkh suhylrxv vxevhfwlrq/
57Urguln +4<<;, dqg Fdphurq +4<:;, hpskdvl}h wkh srvlwlyh fruuhodwlrq ehwzhhq rshqqhvv
dqg wkh vl}h ri jryhuqphqw1 Wkh| h{sodlq wklv zlwk wkh lghd wkdw pruh rshq hfrqrplhv duh pruh
h{srvhg wr h{rjhqrxv vkrfnv dqg wkxv suhihu kljkhu vrfldo lqvxudqfh1
74dq hpsw| 7 lv pruh olnho| li wkh h!flhqf| frvwv ri euhdnlqj dsduw duh vpdoo +ja
lv vpdoo iru a,/ ru li wkh wzr uhjlrqv duh yhu| glhuhqw hlwkhu lq dyhudjh lqfrph ru
lq uhjlrqdo lqfrph glvwulexwlrq1
Li 7 lv qrq0hpsw|/ vhfhvvlrq qhyhu rffxuv lq htxloleulxp dqg wkh htxloleulxp
wd{ udwh ehorqjv wr 7 W k hu h d v r ql vw k d w /e |g h  q l w l r qr i7c erwk uhjlrqdo
phgldq yrwhuv duh zruvh r zlwk vhfhvvlrq wkdq zlwk lqwhjudwlrq dqg  5 71
Khqfh/ d pdmrulw| ri wkh yrwhuv lq wkh xqlwhg qdwlrq duh dovr zruvh r zlwk vh0
fhvvlrq wkdq zlwk lqwhjudwlrq dqg  5 71 Dqwlflsdwlqj wkh vhfhvvlrq rxwfrph/ d
pdmrulw| ri yrwhuv suhihuv 5 7 wr dq| dowhuqdwlyh ￿ * 5 7c dw vwdjh +l,1 Khqfh/
wkh htxloleulxp ehorqjv wr 7c dqg vhfhvvlrq grhv qrw wdnh sodfh1
Lghqwli|lqj wkh htxloleulxp wd{ udwh lq wklv vhw lv qrw vwudljkwiruzdug/ krzhyhu1
Gxh wr wkh srvvlelolw| ri vhfhvvlrq/ lqglylgxdo suhihuhqfhv pd| idlo wr eh vlqjoh
shdnhg dw vwdjh +l,/ vr wkh slyrwdo yrwhu qhhg qrw kdyh phgldq hqgrzphqw/ e61
Lq jhqhudo/ wkh htxloleulxp frxog eh dq|zkhuh lq wklv vhw1 Exw lw lv pruh olnho|
wr eh dw wkh erxqgdu|/ li wkh dyhudjh lqfrph lq wkh wzr uhjlrqv glhuv d juhdw
ghdo1 Lq wklv fdvh/ yrwhuv lq wkh ulfk uhjlrq fdq fuhgleo| wkuhdwhq wr vhfhgh li wkh
wd{ udwh lv wrr kljk1 Wr dyrlg wklv rxwfrph/ wkh rswlpdo wd{ udwh iru wkh slyrwdo
yrwhu dw vwdjh +l,/ e 
Lc ohdyhv wkh ulfk uhjlrq mxvw lqglhuhqw ehwzhhq vhfhvvlrq dqg
lqwhjudwlrq= {-Ee 
L'f Wklv lv wkh fdvh vwxglhg e| Exfkdqdq dqg Idlwk +4<;:,/
zkhuh wkh wkuhdw ri vhfhvvlrq olplwv wkh h{whqw ri srolwlfdoo| ihdvleoh uhglvwulexwlrq1
Exw wkh rssrvlwh vlwxdwlrq lv dovr srvvleoh= d pdmrulw| ri wkh yrwhuv lq wkh srru
uhjlrq zdqw kljk wd{ udwhv/ dqg kdyh d fuhgleoh wkuhdw wr vhfhgh1 Wr suhyhqw wklv/
wkh qdwlrq0zlgh srolf| frxog lqyroyh d kljkhu wd{ udwh wkdq rwkhuzlvh rswlpdo iru
wkh qdwlrqdo slyrwdo yrwhu Wklv wdnhv wkh htxloleulxp wr wkh rssrvlwh erxqgdu|
ri 7c zkhuh wkh srru uhjlrq lv mxvw lqglhuhqw= {￿Ee 
L'f  Dk l j k h uw d {u d w h
lv pruh olnho| li wkh frvwv ri euhdn0xs duh vpdoo/ iru lqvwdqfh ehfdxvh erwk uhjlrqv
fdq h{sorlw wkh hfrqrplhv ri vfdoh rq wkhlu rzq/ dqg lqfrph lqhtxdolw| lq wkh
srru uhjlrq lv pxfk vwurqjhu wkdq lq wkh zkroh qdwlrq/ vr wkdw wkh srru uhjlrq
ydoxhv dxwrqrp| kljko|/ ehfdxvh lwv suhihuuhg wd{ udwh lv pxfk kljkhu wkdq zlwk
lqwhjudwlrq Lq wklv fdvh/ wkh wkuhdw ri vhfhvvlrq grhv qrw frqvwudlq uhglvwulexwlrq/
exw lqvwhdg hqkdqfhv wkh srolwlfdo srzhu ri wkh uhjlrq suhihuulqj kljk wd{hv ru/
pruh jhqhudoo|/ hqkdqfhv wkh srzhu ri wkh srru yrwhuv1
Wr vxppdul}h= li wkh qdwlrqdo srolf| lv vhw lq qdwlrq0zlgh hohfwrudo frpshwlwlrq/
wkh wkuhdw ri vhfhvvlrq fdq lq xhqfh wkh htxloleulxp srolf| lq hlwkhu gluhfwlrq=
vhfhvvlrq fdq hlwkhu lpsrvh d fhlolqj ru d  rru rq htxloleulxp wd{ udwhv1 Exw ulfk
dqg odujh uhjlrqv duh pruh olnho| wr vhfhgh1 Dqg d ulfk uhjlrq*v vhfhvvlrq wkuhdw
lpsrvhv d fhlolqj rq wkh htxloleulxp wd{ udwh1
758171 Qrwhv rq wkh olwhudwxuh
Wkhuh duh vhyhudo uhfhqw vxuyh|v rq orfdo sxeolf qdqfh dqg vfdo ihghudolvp/
dovr irfxvlqj rq srolwlfdo hfrqrplfv1 Vhh/ lq sduwlfxodu/ Vfrwfkphu +wklv yroxph,/
Lqpdq dqg Uxelqihog +4<<:,/ Lqpdq +4<;:,/ dv zhoo dv wkh hduo| zrun e| Rdwhv
+4<:5,1
Rqh ri wkh uvw sdshuv wr vwxg| wkh hfrqrplf ghwhuplqdqwv ri wkh vl}h ri
qdwlrqv zdv Iulhgpdq +4<::,/ zkr prghohg wkh jryhuqphqw dv d wd{ pd{lpl}lqj
Ohyldwkdq1 Vxevhfwlrq 815/ rq lqwhjudwlrq/ gudzv rq Shuvvrq dqg Wdehoolql +4<<7d,
dqg Erowrq dqg Urodqg +4<<:,1 Wkh srolwlfdo fkrlfh ri zkhwkhu ru qrw wr lqwhjudwh
zdv dovr vwxglhg e| Dohvlqd dqg Vsrodruh +4<<:,/ Fdvhood dqg Ihlqvwhlq +4<<3, dqg
Fdvhood +4<<5,/ zkr irfxv rq khwhurjhqhlw| ri suhihuhqfhv udwkhu wkdq lqfrph1
Wkh fkrlfh ri zkhwkhu ru qrw wr lqwhjudwh srolwlfdoo| lv vlplodu wr wkh frqvwl0
wxwlrqdo fkrlfh ri lqvwuxphqw dvvljqphqw wr d yhuwlfdo klhudufk| ri jryhuqphqwv1
Wklv fkrlfh kdv dovr ehhq vwxglhg e| srolwlfdo hfrqrplvwv1 Zlwk d wkhruhwlfdo
shuvshfwlyh/ Ehvoh| dqg Frdwh +4<<;d, glvfxvv krz wkh htxloleulxp srolflhv/ dqg
wkh fkrlfh ehwzhhq fhqwudol}dwlrq dqg ghfhqwudol}dwlrq/ klqjh rq hfrqrplf idfwruv
+vxfk dv wkh vwuhqjwk ri h{whuqdolwlhv, dqg srolwlfdo idfwruv +vxfk dv wkh vwuxfwxuh
ri ghflvlrq pdnlqj lq wkh ohjlvodwxuh,1 Fuìphu dqg Sdoiuh| +4<<9d,/ +4<<9e, dqg
Orfnzrrg +4<<:, dovr dqdo|}h wkh yrwhuv* fkrlfh ryhu wkh ghjuhh ri fhqwudol}dwlrq/
frqwudvwlqj dowhuqdwlyh frqvwlwxwlrqdo surfhgxuhv1 Hpslulfdo vwxglhv ri wkh ghwhu0
plqdqwv ri fhqwudol}dwlrq lqfoxgh Rdwhv +4<:5, dqg Sdql}}d +4<<:,/ zlwk uhjdug wr
d vdpsoh ri frxqwulhv/ dqg Zdoolv dqg Rdwhv +4<;;, zlwk uhjdug wr wkh XV vwdwhv1
Wkh txhvwlrq ri krz wkh wkuhdw ri vhfhvvlrq prglhv htxloleulxp uh0glvwulexwlrq/
dgguhvvhg lq vxevhfwlrq 816/ kdv ehhq vwxglhg e| Exfkdqdq dqg Idlwk +4<;:, dqg
e| Erowrq dqg Urodqg +4<<:,1 Rorivjèug +4<<<, h{whqg wklv zrun/ vr dv wr do0
orz iru prelolw| dfurvv erughuv1 Ilqdoo|/ Dohvlqd/ Vsrodruh dqg Zdf}lduj +4<<:,
glvfxvv wkh hylghqfh uhodwlqj wkh vl}h ri jryhuqphqw wr frxqwu| vl}h1
91 Fdslwdo yv1 oderu
Wklv vhfwlrq kdv wzr jrdov1 Wkh uvw lv wr dgguhvv d srvlwlyh txhvwlrq= wr dqdo|}h
krz wkh wd{ exughq lv vsolw dprqj glhuhqw wd{ edvhv/ lq sduwlfxodu ehwzhhq oderu
dqg fdslwdo1 Dffruglqj wr wkh edvlf sulqflsohv ri rswlpdo wd{dwlrq/ oderu vkrxog
eh wd{hg pxfk pruh kljko| wkdq fdslwdo/ dv fdslwdo lv d pruh hodvwlf wd{ edvh/
sduwlfxoduo| lq wkh orqj uxq1 Lqghhg/ pdq| sursrqhqwv dujxh wkdw wkh rswlpdo
76vwhdg|0vwdwh wd{ udwh rq fdslwdo lqfrph lv }hur581 \hw/ wkh revhuyhg hhfwlyh wd{
udwhv rq fdslwdo duh srvlwlyh dqg riwhq odujh1 Lq d vdpsoh ri 47 RHFG frxqwulhv/
wkh dyhudjh hhfwlyh wd{ udwhv rq fdslwdo dqg oderuryhu wkh shulrg 4<<40<8 zhuh
derxw wkh vdph +derxw 6;(,1 Wkhvh phdvxuhg wd{ udwhv ydu| frqvlghudeo| dfurvv
frxqwulhv dqg ryhu wlph1 Lq d qxpehu ri frxqwulhv/ hhfwlyh wd{ udwhv rq fdslwdo
duh kljkhu wkdq rq oderu/ hyhq lq frxqwulhv zlwk idluo| frpshwlwlyh oderu pdunhwv/
vxfk dv wkh XN dqg wkh XV159 Rqh vlpsoh uhdvrq iru kljk wd{hv rq fdslwdo lv wkdw
wklv lv zkdw d pdmrulw| ri wkh yrwhuv suhihu1 Wklv uhvxow lpphgldwho| idoov rxw/
rqfh zh jhqhudol}h wkh vlpsoh prgho iurp Vhfwlrq 5 wr lqfoxgh fdslwdo dv zhoo dv
oderu1 Fdslwdo lqfrph lv pruh frqfhqwudwhg wkdq oderu lqfrph1 Khqfh/ d pdmrulw|
ri wkh yrwhuv jdlq iurp vkliwlqj d odujhu vkduh ri wkh wd{ exughq wr fdslwdo/ ghvslwh
wkh h!flhqf| orvvhv1 Dqrwkhu riwhq glvfxvvhg uhdvrq iru kljk wd{hv rq fdslwdo lv
wkh fhoheudwhg fdslwdo0ohy| sureohp +Ilvfkhu +4<;3,,1 Wkh hodvwlflw| ri douhdg|
dffxpxodwhg fdslwdo lv }hur1 Khqfh/ vhtxhqwldo srolf| ghflvlrqv uxq lqwr d w|slfdo
fuhglelolw| sureohp dqg/ lq htxloleulxp/ fdslwdo lv wd{hg hyhq pruh kljko| wkdq
zkdw lv h{0dqwh rswlpdo iru d pdmrulw| ri wkh yrwhuv1 Erwk uhvxowv duh glvfxvvhg lq
vxevhfwlrq 915/ zlwklq wkh idploldu phgldq yrwhu prgho zlwk Grzqvldq fdqglgdwhv1
Rxu vhfrqg jrdo lq wklv vhfwlrq lv phwkrgrorjlfdo= wr h{soruh dq dowhuqdwlyh
prgho ri uhsuhvhqwdwlyh ghprfudf|/ zkhuh fdqglgdwhv duh qrw prwlydwhg e| wkh
ghvluh ri zlqqlqj wkh hohfwlrqv shu vh/ exw e| wkh ghvluh wr lpsohphqw wkhlu rzq
suhihuuhg srolf|1 Khqfh/ lq vxevhfwlrq 916 zh dedqgrq wkh wudglwlrqdo Grzqvldq
prgho ri hohfwrudo frpshwlwlrq1 Lqvwhdg/ zh vwxg| d uhsuhvhqwdwlyh ghprfudf|/
zkhuh wkh yrwhuv hohfw rxwfrph0prwlydwhg srolwlfldqv zkr fkrrvh srolf| rqfh lq
r!fh1 Glhuhqw fdqglgdwhv uhsuhvhqw glhuhqw lghrorjlhv1 Wklv vhwxs gluhfwv wkh
dwwhqwlrq wr d qhz txhvwlrq= zkr lv fkrvhq e| wkh yrwhuv wr pdnh srolf| ghflvlrqv B
Yrwhuv uhdol}h wkdw glhuhqw srolwlfdo fdqglgdwhv zloo pdnh glhuhqw srolf| fkrlfhv
rqfh lq r!fh1 D jhqhudo uhvxow lv wkdw wklv zd| ri prghoolqj uhsuhvhqwdwlyh ghprf0
udf| jhqhudwhv vwudwhjlf ghohjdwlrq1 Wkh uhdvrq lv wlplqj= srolf| fkrlfh wdnhv sodfh
diwhu wkh hohfwlrqv/ dqg srvvleo| pxfk odwhu1 Dw wkh wlph ri wkh hohfwlrqv/ yrwhuv
uhdol}h wkdw srolf| zloo eh fkrvhq lq dq hqylurqphqw zkhuh wkh srolf|pdnhu zloo
58Dxhuedfk dqg Klqhv +wklv yroxph, suhvhqw dqg glvfxvv wklv uhvxow/ ruljlqdoo| gxh wr Fkdpoh|
+4<;9,1 Vhh dovr Oxfdv +4<<3,1 Exw zlwk xqlrql}hg oderu pdunhwv/ d oderu wd{ fdq eh dv glvwruwlqj
hyhq pruh glvwruwlqj wkdq d fdslwdo wd{> vhh iru lqvwdqfh Gdyhul dqg Wdehoolql +4<<:,1
59Wkh vrxufh lv Gdyhul dqg Wdehoolql +4<<:,/ zkr/ lq wxuq/ h{whqg d phwkrgrorj| irupxodwhg e|
Phqgr}d/ Ud}lq dqg Whvdu +4<<7, zklfk h{sorlwv lqirupdwlrq rq wd{ lqfrph dqg djjuhjdwh wd{
edvhv1 H￿hfwlyh wd{ udwhv rq fdslwdo iurp ghwdlohg vwxglhv ri wkh wd{ frgh/ xvlqj wkh phwkrgrorj|
ruljlqdoo| ghyhorshg e| Mrujhqvrq/ vxfk dv Nlqj dqg Ixoohuwrq +4<;7,/ riwhq jlyh d yhu| gl￿huhqw
slfwxuh wkdq wkh ￿pdfur￿ phwkrgrorj| ri Phqgr}d hw do1
77idfh d glhuhqw vhw ri lqfhqwlyh frqvwudlqwv1 Wr frsh zlwk wkhvh iruwkfrplqj lqfhq0
wlyh frqvwudlqwv/ wkh| qg lw rswlpdo wr hohfw vrphrqh zlwk suhihuhqfhv glhuhqw
iurp wkhlu rzq1 Lq wklv vhwwlqj/ iroorzlqj Shuvvrq dqg Wdehoolql +4<<7e,/ vwudwhjlf
ghohjdwlrq khuh doorzv yrwhuv wr flufxpyhqw wkh fdslwdo ohy| sureohp= wkh hohfwhg
srolf|pdnhu kdv vwurqjhu h{0srvw lqfhqwlyhv wr surwhfw dffxpxodwhg fdslwdo wkdq
wkh pdmrulw| lwvhoi1 Wklv lv mxvw dq h{dpsoh/ krzhyhu/ dqg pdq| rwkhu lqvwdqfhv
ri vwudwhjlf ghohjdwlrq kdyh ehhq vwxglhg lq wkh olwhudwxuh1 Zh zloo dovr uhwxuq
wr wklv wkhph lq Sduw LL1 Ilqdoo|/ zh h{whqg wkh prgho ixuwkhu/ dqg dvn zkhwkhu
wkh vxjjhvwhg htxloleulxp zlwk dq hohfwhg flwl}hq fdqglgdwh lv lq idfw frqvlvwhqw
zlwk rswlpdo hqwu| lqwr wkh srolwlfdo surfhvv1 Wkhuhe|/ zh glvfxvv wkh prgho ri
uhsuhvhqwdwlyh ghprfudf| uhfhqwo| sursrvhg e| Rveruqh dqg Volylqvn| +4<<9, dqg
Ehvoh| dqg Frdwh +4<<:,1
9141 D vlpsoh prgho ri fdslwdo dqg oderu wd{dwlrq
Wr ghdo zlwk fdslwdo irupdwlrq dqg fuhglelolw| sureohpv lq d vlpsoh zd|/ zh h{whqg
rxu vlpsoh prgho iurp Vhfwlrq 5 wr lqfoxgh wzr wlph shulrgv1 Wkh suhihuhqfhv ri








zkhuh wkh qrwdwlrq iroorzv wkh suhylrxv vhfwlrqv1 Wkh oderu0ohlvxuh fkrlfh lv rqo|
pdgh lq shulrg 51 Lq wkdw shulrg/ wkh lqglylgxdo lv wkxv frqvwudlqhg e| wkh vdph
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zkhuh u dqg g duh wkh wd{ udwh rq oderu dqg fdslwdo1 Erwk h{rjhqrxv jurvv
idfwru uhwxuqv kdyh ehhq qrupdol}hg wr xqlw|1
Wr dyrlg wzr0glphqvlrqdo lqglylgxdo glhuhqfhv/ zh pdnh wkh vlpsoli|lqj/ exw
frxqwhuidfwxdo/ dvvxpswlrq wkdw w|sh *v hqgrzphqwv ri lqlwldo zhdowk e￿ dqg ri
hhfwlyh wlph ne￿ duh shuihfwo| qhjdwlyho| fruuhodwhg1 Wkh lglrv|qfudwlf sdudph0
whu e￿ wkxv fdswxuhv wkh uhodwlyh lpsruwdqfh ri oderu dqg fdslwdo lq dq lqglylgxdo*v
lqfrph1 Vroylqj wkh xwlolw| pd{lpl}dwlrq sureohp/ iru jlyhq wd{ udwhv/ zh jhw wkh
oderu dqg fdslwdo vxsso| ixqfwlrqv/ zklfke| wkh txdvl0olqhdu suhihuhqfhvrqo|
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78D ve h i r u h /z hd v v x p hw k d we ￿lv glvwulexwhg zlwk d f1g1i 8E Iru vlpsolflw|/ zh
qrz vhw wkh phdq wr }hur= e 'f Vlqfh dvvhw lqfrph lv pruh frqfhqwudwhg lq wkh
srsxodwlrq wkdq oderu lqfrph/ lw lv qrz qdwxudo wr dvvxph wkdw wkh phgldq ydoxh
ri e￿c ghqhg e| 8Ee6'￿
2clv srvlwlyh1
Wkh qdo slhfh wr frpsohwh wkh prgho lv wkh jryhuqphqw exgjhw frqvwudlqw=
uuEunggE g'C +916,
Iru vlpsolflw|/ zh devwudfw iurp wkh xvh ri jryhuqphqw uhyhqxh lq wklv vhfwlrq
dqg rqo| wuhdw wkh +shu fdslwd, uhyhqxh uhtxluhphqw C dv d jlyhq sdudphwhu1 Zh
dovr dvvxph wkdw @%duuEuo :C: = wkh oderu wd{ edvh lv odujh hqrxjk wr
qdqfh wkh zkroh ri Cc exw wkh fdslwdo wd{ fdq qhyhu eh vx!flhqw iru wklv sxusrvh
Wklv dvvxpswlrq/ zklfk frxog eh vrphzkdw uhod{hg/ uxohv rxw pxowlsoh htxloleuld
lq vxevhfwlrq 9151
9151 Hohfwrudo frpshwlwlrq ehwzhhq Grzqvldq fdqglgdwhv
Lq wklv vxevhfwlrq/ zh vwxg| htxloleulxp wd{ srolf| xqghu wkh wudglwlrqdo dvvxps0
wlrq xvhg wkurxjkrxw wkh uvw sduw1 Wzr r!fh0prwlydwhg fdqglgdwhv uxq djdlqvw
hdfk rwkhu lq d soxudolw| hohfwlrq1 Hdfk fdqglgdwh pdnhv d elqglqj frpplwphqw wr
dq hohfwrudo sodwirup/ qdpho| d yhfwru ri wd{ udwhv  'E  ucgLq htxloleulxp/
erwk fdqglgdwhv dqqrxqfh wkh vdph srolf| sodwirup/ qdpho| wkdw suhihuuhg e| wkh
phgldq yrwhu dw wkh wlph ri hohfwlrqv1 Wkh yrwhuv* suhihuhqfhv klqjh fuxfldoo| rq
wkh wlplqj ri hohfwlrqv1
H{0dqwh hohfwlrqv Zh vwduw e| dvvxplqj wkdw hohfwlrqv wdnh sodfh dw wkh ehjlq0
qlqj ri shulrg 4/ ehiruh sulydwh djhqwv kdyh fkrvhq wkh dprxqw wr vdyh lq shulrg 41
Wkh sodwirup ri wkh zlqqlqj fdqglgdwh lv hqdfwhg zlwkrxw ixuwkhu uh0rswlpl}dwlrq1
D glhuhqw wlplqj dvvxpswlrq lv glvfxvvhg ehorz1
Wr fkdudfwhul}h wkh yrwhuv* srolf| suhihuhqfhv/ zh iroorz wkh vdph dssurdfk dv
lq Vhfwlrq 51 Ohw ` ￿E eh wkh lqgluhfw xwlolw| ixqfwlrq ri lqglylgxdo  G
`
￿E'L E  gEg n T E  uEu n E  uuEu
nE  gEgEgnE gu e
￿ ' `E nEg  ue
￿ 1
Wkhq/ pd{lpl}h wklv ixqfwlrq zlwk uhjdug wr wkh wzr wd{ udwhv/ vxemhfw wr wkh
jryhuqphqw exgjhw frqvwudlqw dqg wkh vxsso| ixqfwlrqv ghqhg deryh1 Frpelqlqj



































+ 	 f ghqrwhv wkh hodvwlflw| ri + zlwk uhjdug wr % Wrjhwkhu
zlwk wkh jryhuqphqw exgjhw frqvwudlqw +916,/ wklv frqglwlrq ghqhv wkh wd{ srolf|
suhihuuhg e| yrwhu c ￿
Wkh lqglylgxdo wkxv zdqwv wd{hv wr eh vhw dffruglqj wr d prglhg Udpvh|
Uxoh1 Frqvlghu uvw wkh srolf| suhihuuhg e| wkh lqglylgxdo zlwk dyhudjh uhodwlyh
lqfrph iurp oderu dqg fdslwdo1 Wklv srolf| dovr kdv vrph qrupdwlyh dsshdo> gxh
wr txdvl0olqhdu suhihuhqfhv/ lw frlqflghv zlwk wkh xwlolwduldq rswlpxp1 Fohduo|/
zlwk e￿ ' e 'f cwkh frqglwlrq uhgxfhv wr wkh idploldu lqyhuvh hodvwlflw| irupxod ri
rswlpdo frpprglw| wd{dwlrq/ vkrzlqj wkdw fdslwdo vkrxog lqghhg eh wd{hg pruh
oljkwo| wkdq oderu/ li lwv vxsso| lv pruh hodvwlf1 Lqwxlwlyho|/ wkh dyhudjh lqglylgxdo
grhv qrw fduh derxw uhglvwulexwlrq/ rqo| derxw h!flhqf|= wkxv klv idyruhg wd{
srolf| mxvw plqlpl}hv wkh ghdgzhljkw orvv dvvrfldwhg zlwk wd{dwlrq1 Zh uhihu wr
wklv Udpvh| srolf| dv  W
Zkhq e￿ 9'f cuhglvwulexwlyh suhihuhqfhv prgli| wklv sxuh h!flhqf| frqglwlrq
lq d suhglfwdeoh zd|1 Wkdw lv/ lqglylgxdov zlwk pruh oderu wkdq fdslwdo lqfrph
+e￿ : f zdqw wkh wd{ udwh rq fdslwdo wr eh kljkhu dqg wkh udwh rq oderu lqfrph wr








￿ ( f 1+ 9 1 8 ,
Wkh prqrwrqlflw| ri wkhvh suhihuhqfhv lpso| wkdw  6c wkh wd{ srolf| suhihuuhg e|
wkh phgldq yrwhu zlwk hqgrzphqw e6 lv d xqltxh Frqgrufhw zlqqhu15: Dv e6 : fc
wkh lpsolhg htxloleulxp wd{ srolf|  6 kdv d kljkhu wd{dwlrq ri fdslwdo dqg d orzhu
wd{dwlrq ri oderu wkdq rxu qrupdwlyh ehqfkpdun srolf|  W1 Lq wklv vhqvh/ wkhuh
lv wkxv ryhuwd{dwlrq ri fdslwdo/ gxh wr wkh vnhzhg glvwulexwlrq ri zhdowk/ zklfk
lpsolhv wkdw wkh slyrwdo yrwhu uholhv uhodwlyho| pruh rq oderu lqfrph wkdq fdslwdo
lqfrph1
5:Wkh prqrwrqlflw| iroorzv ehfdxvh zh fdq zulwh djhqwv* lqgluhfw xwlolw| lq wklv prgho dv
Zl+￿,@ Z+ ￿,.+ ￿O￿ ￿N, h l /
zklfk lv olqhdu lq wkh lglrv|qfudwlf sdudphwhu hl= +Wkh olqhdulw| surshuw| lv qrw ghvwur|hg li zh
vxevwlwxwh wkh jryhuqphqw exgjhw frqvwudlqw lqwr wklv h{suhvvlrq1,
7:H{0srvw hohfwlrqv Qh{w/ vxssrvh wkdw hohfwlrqv duh khog dw wkh hqg ri shulrg
4/ diwhu wkh vdylqjv ghflvlrq kdv ehhq pdgh1 Wklv lv wkh fdvh ri wd{ srolf| xqghu
glvfuhwlrq/ glvfxvvhg e| Ilvfkhu +4<;3, dqg Shuvvrq dqg Wdehoolql +4<<3,1 Xqghu
wklv dvvxpswlrq/ djhqwv vwloo ehkdyh dffruglqj wr +914,0+915, lq wkhlu hfrqrplf
ghflvlrqv/ h{fhsw wkdw wkh h{shfwhg wd{ udwh rq fdslwdo uhsodfhv wkh dfwxdo wd{
udwh lq wkh vdylqjv ixqfwlrq1 Wkhlu yrwlqj ehkdylru lv qrz glhuhqw/ krzhyhu/ dv
lw wdnhv sodfh rqfh djjuhjdwh fdslwdo lv jlyhq1 Khqfh/ zh uhihu wr wkhlu srolf|
suhihuhqfhv dv h{ srvw1
Wr ghvfuleh wkhvh suhihuhqfhv/ qrwh wkdw zkhq hohfwlrqv duh khog/ wkh hodvwlflw|
ri fdslwdo zlwk uhjdug wr wkh dfwxdo wd{ udwh lv }hur= #gEg'f Wkh fdslwdo
vwrfn ghshqgv rq wkh h{shfwhg wd{ udwh> rqfh wkh fdslwdo lv lq sodfh/ fkdqjlqj &
grhv qrw ixuwkhu uhgxfh lw1 Zlwk wklv lq plqg/ frqvlghu wkh dyhudjh yrwhu zlwk
e￿ 'f Wklv yrwhu kdv qr vwdnh lq uhglvwulexwlrq dqg rqo| fduhv derxw h!flhqf|1
Kh zrxog olnh wr wd{ fdslwdo dv kljko| dv srvvleoh +wkh lqhodvwlf idfwru,/ vr dv wr
uhgxfh wkh glvwruwlqj wd{ rq oderu +wkh hodvwlf idfwru,1 Wkxv/ klv h{0srvw rswlpdo
srolf| lv g ' ciru dq| djjuhjdwh fdslwdo vwrfn lqkhulwhg iurp wkh sdvw15; Iru
d oderuhu/ zlwk e￿ : fc wkh uhglvwulexwlyh prwlyh uhlqirufhv wkhvh lqfhqwlyhv iru
h{ srvw h{sursuldwlrq1 Wkxv/ vlqfh e6 : fc d pdmrulw| ri wkh yrwhuv zdqwv wr vhw
g 'iru dq| rxwvwdqglqj fdslwdo vwrfn
Lw iroorzv wkdw wklv lv wkh wd{ srolf| dqqrxqfhg e| erwk fdqglgdwhv lq wkhlu
hohfwrudo sodwirupv1 Dv wklv lv shuihfwo| iruhvhhq zkhq wkh vdylqjv ghflvlrq lv pdgh/
qrerg| vdyhv dq|wklqj1 Lq htxloleulxp/ & 'fdqg doo wkh uhyhqxh pxvw eh udlvhg
e| wd{lqj oderu dorqh= uuEu'C 5< Wklv lv wkh fodvvlfdo fdslwdo0ohy| sureohp=
orz wd{hv rq fdslwdo duh qrw fuhgleoh wr lqyhvwruv iruhvhhlqj wkh rxwfrph lq wkh
vxevhtxhqw srolwlfdo htxloleulxp1 Lq wklv vlpsoh prgho/ wklv sureohp pdqlihvwv
lwvhoi lq d glvdvwurxv htxloleulxp= wkdw lv/ d wd{ srolf| zlwk d frqvfdwru| fdslwdo
wd{/ zklfk jlyhv lqglylgxdov qr lqfhqwlyh wr vdyh1
Fohduo|/ wklv suhglfwlrq lv wrr vwurqj1 Hyhq wkrxjk zh revhuyh kljkhu wd{hv
rq fdslwdo wkdq wkrvh suhvfulehg e| vlpsoh rswlpdo wd{dwlrq prghov/ zh uduho|
revhuyh frqvfdwru| udwhv1 Wkh olwhudwxuh kdv vxjjhvwhg d qxpehu ri uhdvrqv zk|
fuhglelolw| sureohpv pljkw qrw kdyh vxfk gudvwlf frqvhtxhqfhv1 Wkhvh lqfoxgh
uhsxwdwlrqdo hhfwv/ olqnlqj ixwxuh h{shfwhg wd{dwlrq wr fxuuhqw wd{dwlrq/ dqg wkh
5;Uhfdoo rxu suhylrxv dvvxpswlrq wkdw wkh fdslwdo wd{ edvh fdqqrw eh odujh hqrxjk wr ￿qdqfh
wkh zkroh ri J=
5<I r uo r z h uy d o x h vr iJ> vxfk wkdw J?P d { ￿ N^ ￿ NN + ￿ N,‘> wkhuh duh ehwwhu htxloleuld lq d
vrfldo zhoiduh vhqvh1 Exw/ xqolnh wkh suhvfulswlrq ri wkh Udpvh| Uxoh/ wkhvh dovr kdyh yhu|
xqedodqfhg wd{hv/ zlwk doo wkh uhyhqxh ehlqj udlvhg e| wkh fdslwdo wd{ dqg wkh oderu wd{ vhw dw
￿O @3 =Wkhvh rwkhu htxloleuld duh glvfxvvhg e| Shuvvrq dqg Wdehoolql +4<<;d,1
7;srvvlelolw| iru djhqwv wr surwhfw wkhlu fdslwdo h{ srvw/ e| wd{ dyrlgdqfh ru fdslwdo
 ljkw1 Doo wkhvh irufhv plwljdwh wkh fuhglelolw| sureohp lq fdslwdo wd{dwlrq/ exw
gr qrw qhfhvvdulo| hqwluho| uhpryh wkh sureohp1 Wkxv/ odfn ri fuhglelolw| pd|
frpsrxqg wkh ryhuwd{dwlrq ri fdslwdo iru sxuho| srolwlfdo uhdvrqv1
9161 Htxloleulxp wd{dwlrq zlwk flwl}hq fdqglgdwhv
Xs wr wklv srlqw/ zh kdyh uhwdlqhg wzr fuxfldo dvvxpswlrqv derxw wkh srolwlfdo
surfhvv1 Iluvw/ fdqglgdwhv duh r!fh0prwlydwhg= wkh| rqo| fduh derxw zlqqlqj wkh
hohfwlrq shu vh1 Vhfrqg/ wkh| fdq pdnh elqglqj surplvhv dkhdg ri wkh hohfwlrqv1
Qhlwkhu dvvxpswlrq lv yhu| sdodwdeoh1 Lw lv kdug wr mxvwli| wkh dvvxpswlrq ri elqg0
lqj hohfwrudo surplvhv= srolf| ghflvlrqv duh pdgh rqfh lq r!fh/ zlwkrxw ehlqj
frqvwudlqhg e| surplvhv pdgh gxulqj wkh hohfwrudo fdpsdljq1 Pruhryhu/ srolwl0
fldqv riwhq kdyh wkhlu rzq srolwlfdo djhqgd/ wkhlu lghrorj| ru ylhz ri wkh zruog/
zklfk prwlydwhv wkhlu srolf| ghflvlrqv rqfh lq r!fh1 Lq wklv vxevhfwlrq/ zh frq0
vlghu d glhuhqw prgho ri wkh srolwlfdo surfhvv/ edvhg rq dowhuqdwlyh dvvxpswlrqv1
Srolwlfldqv duh gluhfwo| prwlydwhg e| srolf| rxwfrphv> wkh| duh flwl}hq fdqgl0
gdwhv1 Wkdw lv/ hdfk fdqglgdwh iru srolwlfdo r!fh lv mxvw dq ruglqdu| lqglylgxdo
lq vrflhw| zkrolnh hyhu|erg| hovhlv vroho| prwlydwhg e| khu xwlolw| ixqfwlrq1
Pruhryhu/ wd{ srolf| lv fkrvhq diwhu wkh hohfwlrq/ rqfh lq r!fh1 Wklv phdqv wkdw
suh0hohfwlrq dqqrxqfhphqwv e| srolwlfdo fdqglgdwhv duh qhyhu fuhgleoh1 Yrwhuv duh
iruzdug orrnlqj/ dqg vhohfw dprqj fdqglgdwhv rq wkh edvlv ri wkhlu lghrorj|/
fruuhfwo| suhglfwlqj wkdw dq hohfwhg fdqglgdwh zloo vlpso| vhw wkh h{ srvw rswlpdo
srolf|1
Zh uvw iroorz Shuvvrq dqg Wdehoolql +4<<7e, e| vkrzlqj wkdw wklv nlqg ri
hqylurqphqw qdwxudoo| lqylwhv wkh yrwhuv wr uhvroyh fuhglelolw| sureohpv lq fdslwdo
wd{dwlrq yld vwudwhjlf ghohjdwlrq1 Zh wkhq glvfxvv dqrwkhu lpsruwdqw dvshfw ri
wkh srolwlfdo surfhvv/ wr zklfk wklv dssurdfk qdwxudoo| gluhfwv dwwhqwlrq= wkh hqwu|
vwdjh rq wkh srolwlfdo duhqd1 Khuh/ zh eruurz iurp Ehvoh| dqg Frdwh +4<<:, dqg
vkrz wkdw vxfk vwudwhjlf ghohjdwlrq lv lqghhg dq htxloleulxpwkrxjk qrw wkh rqo|
rqhlq d jdph zlwk hqgrjhqrxv dqg frvwo| hqwu| e| flwl}hq0fdqglgdwhv1
Suhihuhqfhv ryhu fdqglgdwhv Dvvxph wkdw wkh survshfwlyh srolf|pdnhu lv rqh
ri wkh lqglylgxdov lq wkh prgho/ xqltxho| lghqwlhg e| khu hqgrzphqw e￿/z h u h
vwdqgv iru srolf|pdnhu163 Wkh wlplqj ri hohfwlrqv lv dovr fuxfldo lq wklv vhwwlqj1
63Zkdw zh fdoo wkh srolf|pdnhu hqgrzphqw fdq dovr eh lqwhusuhwhg dv uh hfwlqj khu lghrorj|
rq d ohiw wr uljkw vfdoh1
7<Khuh zh dvvxph wkdw hohfwlrqv duh khog dw wkh vwduw ri shulrg 4/ ehiruh wkh vdylqjv
ghflvlrq164 Exw srolf| lv vhw dw wkh hqg ri shulrg 4/ diwhu wkh hohfwlrqv dqg diwhu
fdslwdo kdv ehhq dffxpxodwhg1
Dw wklv srlqw lq wlph/ dq| hohfwhg srolf|pdnhu pd{lpl}hv khu h{0srvw xwlolw|/
wdnlqj lqwr dffrxqw wkdw/ vlqfh fdslwdo lv douhdg| lq sodfh/ #gEg'f Wkxv/ dv
glvfxvvhg lq wkh suhylrxv vxevhfwlrq/ dq| hohfwhg srolf|pdnhu zlwk e￿  f qgv lw
rswlpdo wr vhw g 'iru doo &Li wkh srolf|pdnhu kdv e￿ 	 f/ krzhyhu/ kh ehkdyhv
glhuhqwo|1 Kh vwloo shufhlyhv #gEg'f cd q gw k l vs x v k h vk l pw rv h wdk l j k g
Exw wkh uhglvwulexwlyh prwlyh sxoov klp lq wkh rssrvlwh gluhfwlrq1 Kh lv dw dq
lqwhulru rswlpxp dqg klv suhihuhqfhv iru g fdq eh rewdlqhg iurp wkh prglhg
Udpvh| uxoh lq +917,/ e| vhwwlqj #gEg'f 1 Zh ghqrwh wklv lqwhulru rswlpxp
fdslwdo wd{ udwh/ dv d ixqfwlrq ri e￿ dqg &c e| AEe￿c&Lw lv lpsolflwo| ghqhg e|
+917, zlwk #gEg'fdqg e| wkh jryhuqphqw exgjhw frqvwudlqw/ +916,1 Lw fdq
eh vkrzq wkdw wklv ixqfwlrq kdv sduwldov AecA & :fLqwxlwlyho|/ wkh kljkhu lv wkh
dyhudjh wd{ edvh &/ wkh juhdwhu lv wkh h!flhqf| jdlq iurp wd{lqj lw> frqyhuvho|/
wkh orzhu lv e￿ dojheudlfdoo|/ wkh juhdwhu lv fdslwdo lqfrph uhodwlyh wr oderu lqfrph
iru srolf|pdnhu c dqg khqfh/ wkh orzhu lv khu ghvluhg fdslwdo wd{ udwh1
Zh fdq vxppdul}h wkh deryh glvfxvvlrq dv iroorzv1 Wkh wd{ udwhv hqdfwhg e|
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& iru e￿ 	 f 1 +919,
Fohduo|/ wkhvh suhihuhqfhv lpso| d prqrwrqlf uhodwlrq ehwzhhq dq hohfwhg r!fh0
kroghu*v hqgrzphqw e￿ dqg khu fkrvhq wd{ srolf|1 Fdoo wklv pdsslqj Ee￿ Wklv
pdsslqj lv nqrzq dqg xqghuvwrrg e| yrwhuv dqg lqyhvwruv dw wkh wlph ri hohfwlrqv1
Vhhlqj zkr zlqv wkh hohfwlrqv/ lqyhvwruv fruuhfwo| dqwlflsdwh wkh iruwkfrplqj wd{
srolf| dqg lqyhvw dffruglqjo|1 Yrwhuv dovr wdnh wklv lqwr dffrxqw zkhq wkh| yrwh=
wkh| uhdol}h wkdw hohfwlqj d srolf|pdnhu zlwk d kljk ydoxh ri e￿ glvfrxudjhv lq0
yhvwphqw wkurxjk wkh h{shfwdwlrq ri kljk fdslwdo wd{ udwhv1 Dqg frqyhuvho|/ d
srolf|pdnhu zlwk d orz ydoxh ri e￿ lv d fuhgleoh vljqdo wkdw g zloo eh nhsw orz1
Pruh suhflvho|/ wkh yrwhuv* h{ dqwh suhihuhqfhv ryhu wd{ udwhv pds rqh iru rqh
lqwr suhihuhqfhv ryhu srolf|pdnhuv1 Vshflfdoo|/ wkh xwlolw| ri yrwhu  lv jlyhq e|
64Li hohfwlrqv zhuh khog h{ srvw/ diwhu wkh fdslwdo dffxpxodwlrq ghflvlrq/ qrwklqj hvvhqwldo
zrxog fkdqjh uhodwlyh wr wkh Grzqvldq htxloleulxp1 Wklv fdvh lv wkxv ljqruhg1
83￿ ' `￿EEe￿ Dqg wkh srolf|pdnhu suhihuuhg e| lqglylgxdo  lv=
e
￿￿ '@ h }4 @  
e ￿ d `
￿E E e
￿o 
Jlyhq wkh dvvxphg hohfwlrq wlplqj/ e￿￿ lv wkh srolf|pdnhu w|sh zkr qgv lw h{
srvw rswlpdo wr fduu| rxw wkh h{ dqwh rswlpdo srolf| ri lqglylgxdo  Vxfk srolf|/
ghqrwhg  ￿ 'E  ￿
gc￿
uc lv lpsolflwo| ghqhg e| +917, dqg +916,1 Wkxv/ nqrzlqj
￿













g g E 
￿
g  
Uhfdoo wkdw AE lv vwulfwo| lqfuhdvlqj lq e￿ rqo| iru e￿ 	 fc zkloh wkh h{ dqwh
rswlpdo wd{ udwh rq fdslwdo iru yrwhu c ￿
gc lv lqfuhdvlqj ryhu wkh zkroh udqjh ri e￿
Vhyhudo frqfoxvlrqv iroorz1 Iluvw/ hyhu| yrwhu suhihuv d srolf|pdnhu zkr uholhv pruh
rq fdslwdo wkdq rq khuvhoil1h1 e￿￿ 	e ￿Lqghhg/ hyhu| yrwhu suhihuv d srolf|pdnhu
lq wkh plqrulw| ri wkh srsxodwlrq/ zlwk e￿  f Uljkw0zlqj fdqglgdwhv wkxv kdyh
d qdwxudo dgydqwdjh lq wklv vhwwlqj/ dv wkh| pruh fuhgleo| surwhfw fdslwdo iurp
ryhuwd{dwlrq rxw ri vhoi0lqwhuhvw1 Vhfrqg/ wkh lqgxfhg suhihuhqfhv ryhu srolf|pdnhu
w|shv duh wkhpvhoyhv prqrwrqlf lq yrwhu w|sh1
Lq rwkhu zrugv/ zkhq wkh hohfwrudo krul}rq lv orqj hqrxjk/ wkhuh lv d prwlyh iru
vwudwhjlf ghohjdwlrq= wr surwhfw fdslwdo iurp h{sursuldwlrq/ wkh pdmrulw| hohfwv d
srolf|pdnhu zlwk kljkhu fdslwdo lqfrph wkdq dyhudjh1 Lqghhg/ e| wkh prqrwrqlflw|
hvwdeolvkhg deryh/ wkh srolf|pdnhu/ e6￿c suhihuuhg e| wkh phgldq yrwhu/ e6c lv wkh
xqltxh Frqgrufhw zlqqhu lq wkh srsxodwlrq> l1h1 wklv lv wkh rqo| fdqglgdwh zkr
zrxog zlq d sdlu0zlvh frqwhvw djdlqvw dq| rwkhu fdqglgdwh1 Lw lv wkxv whpswlqj
wr dujxh/ dv lq Shuvvrq dqg Wdehoolql +4<<7e,/ wkdw wkh hohfwlrq ri e6￿ dqg wkh
h{ srvw lpsohphqwdwlrq ri 6c wkdw lv/ wkh phgldq yrwhu*v h{ dqwh rswlpdo srolf|/
lv wkh htxloleulxp rxwfrph1 Wklv dujxphqw lv qrw frpsohwh/ wkrxjk1 Zk| zrxog
e6￿ qg lw rswlpdo wr uxq dv d fdqglgdwhB Vkh zrxog dovr udwkhu kdyh vrpherg|
hovh vhw srolf|/ jlyhq wkh fuhglelolw| sureohp1 Wr nqrz zkhwkhu e6￿ uxqqlqj dqg
jhwwlqj hohfwhg lv dq htxloleulxp/ zh uhdoo| pxvw vwxg| dq h{solflw sulru vwdjh/
zkhuh srolwlfdo fdqglgdwhv hqwhu wkh frpshwlwlrq1
Hqgrjhqrxv hqwu| ri fdqglgdwhv Ohw xv wkxv dvvxph wkdw wkh h{ dqwh hohfwlrqv0
fxp0srolf| jdph lv suhfhghg e| dq hqwu| ghflvlrq ri survshfwlyh srolwlfdo fdqgl0
gdwhv1 Zlwk wklv dgglwlrq/ wkh jdph kdv wkh iroorzlqj vwdjhv1 +l, Dq| lqglylgxdo
+ri dq| w|sh e￿, lq wkh srsxodwlrq fdq ghflgh wr uxq dv d fdqglgdwh/ dw d frvw +lq
84whupv ri vhfrqg0shulrg frqvxpswlrq, ri 0 +ll, Dq hohfwlrq lv khog dprqj wkrvh
uxqqlqj dv fdqglgdwhv> zkrhyhu uhfhlyhv d soxudolw| ri wkh yrwh zlqv/ dq| wlh lv
uhvroyhg e| wrvvlqj d frlq1 +lll, Lqglylgxdov pdnh wkhlu vdylqjv ghflvlrqv1 +ly, Wkh
hohfwhg fdqglgdwh fkrrvhv d wd{ srolf| ( li qr fdqglgdwh kdg ghflghg wr uxq/ d
ghidxow srolf|  lv lpsohphqwhg1 +y, Lqglylgxdov pdnh wkhlu oderu vxsso| ghflvlrq1
:Iurp wkh glvfxvvlrq deryh/ zh douhdg| nqrz krz wr fkdudfwhul}h wkh rxw0
frph iurp vwdjhv +lll,0+y,1 Dw vwdjh +ll,/ hdfk lqglylgxdo dqwlflsdwhv wklv rxwfrph
dqg yrwhv iru wkh fdqglgdwh pd{lpl}lqj khu h{shfwhg xwlolw|/ jlyhq wkh yrwh ri
rwkhu lqglylgxdov165 Dw vwdjh +l,djdlq dqwlflsdwlqj wkh rxwfrph dw wkh iroorzlqj
vwdjhvdq lqglylgxdo fkrrvhv wr hqwhu rqo| li wklv jlyhv khu kljkhu h{shfwhg xwlolw|
wkdq qrw hqwhulqj/ jlyhq wkh hqwu| ghflvlrq ri rwkhu lqglylgxdov1
Zh qrz dgdsw wkh uhvxowv lq Ehvoh| dqg Frdwh +4<<:, wr wklv prgho dqg fkdu0
dfwhul}h lwv glhuhqw htxloleuld1
Vlqjoh0fdqglgdwh htxloleuld Zh kdyh douhdg| dujxhg wkdw wkh srolf|pdnhu
w|sh e6￿ suhihuuhg e| wkh phgldq yrwhu e6 lv wkh xqltxh Frqgrufhw zlqqhu dprqj
srwhqwldo fdqglgdwhv1 Wkxv e6￿ lv dvvxuhg wr zlq djdlqvw dq| rwkhu fdqglgdwh li
vkh ghflghv wr uxq1 Exw li vkh uxqv/ qr dowhuqdwlyh fdqglgdwh e￿ ￿ zloo hyhu qg lw
zruwkzkloh wr lqfxu wkh hqwu| frvw ri uxqqlqj> wklv zrxog qrw lq dq| zd| dhfw
wkh srolf| rxwfrph dqg khqfh qrw wkh xwlolw| ri e￿ ￿c zkr zrxog wkxv rqo| ehdu wkh
frvw ri uxqqlqj1 Wklv phdqv wkdw zkhqhyhu e6￿ uxqv lq htxloleulxp/ vkh pxvw uxq
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Wkh frqglwlrq vd|v wkdw wkh xwlolw| jdlq/ uhodwlyh wr wkh ghidxow srolf|/ iru e6￿
iurp uxqqlqj dqg fkrrvlqj khu h{ srvw rswlpdo srolf| pxvw rxwzhljk wkh frvw ri
uxqqlqj1 Lw lv reylrxvo| ixooohg li wkh ghidxow srolf|  lv idu vx!flhqwo| idu iurp
wkh htxloleulxp srolf| Ee6￿ ru hovh li wkh uxqqlqj frvw lv vpdoo1 Dv wkhuh lv qr
jdlq iurp kroglqj r!fh shu vh/ qr vhfrqg fdqglgdwh ri w|sh e6￿ k d vd ql q f h q w l y h
wr uxq/ dv vkh zrxog mxvw lqfxu wkh hqwu| frvw zlwkrxw lq xhqflqj srolf|166 Lq wklv
htxloleulxp/ wkh pdmrulw| wkxv vxffhhgv lq frpsohwho| uhvroylqj wkh fuhglelolw|
sureohp e| vwudwhjlf ghohjdwlrq wr d uljkw0zlqj srolf|pdnhu/ zkr lv dvvxuhg
65Zh dovr uxoh rxw zhdno| grplqdwhg yrwlqj vwudwhjlhv1 Wrjhwkhu/ wkhvh frqglwlrqv lpso|
vlqfhuh yrwlqj lq rqh0 dqg wzr0fdqglgdwh hohfwlrqv1 Iru d pruh fduhixo glvfxvvlrq/ vhh Ehvoh| dqg
Frdwh +4<<:,1
66Wklv vxjjhvwv d iuhh0ulghu sureohp dprqj wkh hpS w|shv1 Rqh fdq dovr dgg h{rjhqrxv
ehqh￿wv iurp kroglqj r!fh/ dv gr Rveruqh dqg Volylqvn| +4<<9,1
85wr zlq wkh hohfwlrq dqg zkr kdv wkh uljkw h{ srvw lqfhqwlyhv wr lpsohphqw wkh
pdmrulw|*v suhihuuhg h{ dqwh srolf|  61
Wzr0fdqglgdwh htxloleuld Hyhq wkrxjk fdqglgdwhv rffdvlrqdoo| uxq xq0
frqwhvwhg lq pdmrulwduldq hohfwrudo v|vwhpv/ vlqjoh0fdqglgdwh udfhv duh qrw yhu|
frpprq1 Zh wkhuhiruh vwxg| wkh frqglwlrqv iru htxloleuld zlwk wzr fdqglgdwhv=
e- dqg euc vd|1 Lqwxlwlyho|/ wklv uhtxluhv wkdw e- qgv lw zruwkzkloh wr uxq/ jlyhq
wkdw eu lv uxqqlqj/ dqg ylfh yhuvd1 Dv lq wkh vlqjoh0fdqglgdwh fdvh/ wklv fdofx0
odwlrq lqyroyhv wudglqj r wkh lq xhqfh rq srolf| djdlqvw wkh hqwu| frvw1 Exw lw
dovr uhtxluhv wkdw hdfk fdqglgdwh vwdqgv vrph fkdqfh ri zlqqlqj1 Lq rxu vhwwlqj
zlwk prqrwrqlf fdqglgdwh suhihuhqfhv/ wklv phdqv wkdw dq lqglylgxdo zlwk phgldq
srolf| suhihuhqfhv e6 lv lqglhuhqw ehwzhhq wkh wzr fdqglgdwhv1 Lq wklv hyhqw/ wkh
wzr fdqglgdwhv kdyh wkh vdph fkdqfh ri zlqqlqj1 Irupdoo|/ vx!flhqw frqglwlrqv
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Lq wklv nlqg ri htxloleulxp/ wzr fdqglgdwhv zlwk hqgrzphqwv rq rssrvlwh vlghv
ri wkh phgldq yrwhu*v suhihuuhg w|sh e6￿ duh uxqqlqj djdlqvw hdfk rwkhu1 Hdfk ri
wkhp kdv dq lqfhqwlyh wr hqwhu vr dv wr edodqfh wkh rwkhu fdqglgdwh/ surylghg wkdw
wkhlu hqgrzphqwv duh glhuhqw hqrxjk +rwkhuzlvh/ d iw|0iw| fkdqfh ri zlqqlqj
grhv qrw rvhw wkh frvw ri uxqqlqj,1 Lw iroorzv wkdw wkhuh duh pdq| glhuhqw wzr0
fdqglgdwh htxloleuld1 Lq hdfk ri wkhvh/ d uljkw0zlqj fdqglgdwh zlwk e- 	e 6￿
edodqfhv d ohiw0zlqj fdqglgdwh zlwk eu :e 6￿ dw wkh vdph xwlolw| glvwdqfh iurp
w k hp h g l d qy r w h u * vs u h i h u u h gs r o l f | 1 D o oy r w h u vz l w kh q g r z p h q w ve ￿	e 6yrwh
iru e-c zkhuhdv doo yrwhuv zlwk e￿ :e 6yrwh iru eu Wkhvh htxloleulxp yrwlqj
vwudwhjlhv nhhs d wklug lqwhuphgldwh fdqglgdwh iurp hqwhulqj1 Exw/ dv Ehvoh| dqg
Frdwh +4<<:, glvfxvv/ wkhuh pd| dovr eh htxloleuld zlwk wkuhh ru pruh fdqglgdwhv
hqwhulqj1
Glvfxvvlrq Lq wkh wzr0fdqglgdwh htxloleuld vwxglhg deryh/ wkh yrwhuv rqo| vxf0
fhhg lq ghohjdwlqj wkh fuhglelolw| sureohp lq dq h{shfwhg vhqvh/ iru rqfh hohfwhg/
wkh wzr fdqglgdwhv zloo sxuvxh glhuhqw srolflhv1 Wklv ihdwxuh looxvwudwhv d jhqhudo
surshuw| ri wkh flwl}hq0fdqglgdwh prgho> htxloleulxp srolf| lq wzr0fdqglgdwh hohf0
wlrqv grhv qrw frqyhujh wr wkh srolf| suhihuuhg e| wkh phgldq yrwhu/ jlyhq wkdw
vxfk d yrwhu h{lvwv1 Wklv frqwudvwv vwduno| zlwk wkh suhglfwlrq ri wkh Grzqvldq
86prgho zlwk r!fh0prwlydwhg fdqglgdwhv1 Lw dovr frqwudvwv zlwk prghov ri hohf0
wrudo frpshwlwlrq/ zkhuh rxwfrph0prwlydwhg fdqglgdwhv zkr frpplw wr srolf|
sodwirupv dkhdg ri wkh hohfwlrqv frqyhujh wr wkh srolf| suhihuuhg e| wkh phgldq
yrwhufi1 Zlwwpdq +4<::/ 4<;6,1 Exw dv Dohvlqd +4<;;, dujxhv/ rqfh zh dvvxph
fdqglgdwhv wr eh rxwfrph0prwlydwhg/ wkh frpprq dvvxpswlrq ri frpplwphqw eh0
frphv yhu| vwurqj/ dv lw fodvkhv zlwk wkh hohfwhg fdqglgdwh*v h{ srvw lqfhqwlyhv1 Li
wkh frpplwphqw dvvxpswlrq lv uhod{hg/ srolf| frqyhujhqfh uhtxluhv vrph uhsxwd0
wlrqdo phfkdqlvp irvwhulqj orqj0uxq frrshudwlrq ehwzhhq wkh fdqglgdwhv1
Lq jhqhudo/ wkh flwl}hq0fdqglgdwh prgho surylghv d jhqhudo htxloleulxp ds0
surdfk wr srolwlfr0hfrqrplf prghoolqj1 Lw lv dwwudfwlyh lq wkh vhqvh wkdw lw vwduwv
iurp sulplwlyhv1 Dvvxpswlrqv duh rqo| pdgh derxw wkh lqglylgxdov* suhihuhqfhv/
hqgrzphqwv dqg whfkqrorjlhv/ dqg derxw wkh lqvwlwxwlrqv ri hfrqrplf dqg srolwlfdo
lqwhudfwlrq1 Wklv pdnhv lw srvvleoh wr xvh wkh prgho iru d fohdq zhoiduh dqdo|0
vlv ri srolwlfdo htxloleuld1 Ixuwkhupruh/ wkh flwl}hq0fdqglgdwh prgho fdq kdqgoh
vlwxdwlrqv zkhuh d vlpsoh phgldq0yrwhu dssurdfk zrxog idlo= flwl}hq0fdqglgdwh
htxloleuld h{lvw xqghu yhu| jhqhudo frqglwlrqv/ lqfoxglqj pdq| frqglwlrqv zkhuh
qr Frqgrufhw zlqqhu h{lvwv1 Zh kdyh wkxv qrw pdgh wkh prgho ixoo mxvwlfh/ e|
dsso|lqj lw lq vxfk d vprrwk vhwwlqj1
Wkh flwl}hq0fdqglgdwh dssurdfk lv qrw zlwkrxw lwv zhdnqhvvhv/ krzhyhu1 Wkh
pdlq ohvvrq iurp wklv dssurdfk lv suhflvho| wkh lpsruwdqfh ri wkh hqwu| vwdjh lq wkh
srolwlfdo duhqd1 Wkh odfn ri suh0h{lvwlqj hohfwrudo fdqglgdwhv/ krzhyhu/ pdnhv lw
kdug wr lqwurgxfh srolwlfdo sduwlhv lq wkh dqdo|vlv167 Pruhryhu/ pxowlsoh htxloleuld
pdnh lw kdug wr xvh wkh prgho iru jhqhudwlqj whvwdeoh k|srwkhvhv1 Qhyhuwkhohvv/
wkh flwl}hq0fdqglgdwh prgho lv dq lqjhqlrxv frqvwuxfwlrq wkdw rhuv dq lqwhuhvwlqj
dowhuqdwlyh iru prghoolqj ri hohfwrudo htxloleuld1
Ilqdoo|/ wkh prgho irfxvhv rq uhsuhvhqwdwlyh ghprfudf|/ exw/ wr gdwh/ lwv ds0
solfdwlrqv kdyh qhjohfwhg wkh djhqf| sureohpv dulvlqj zkhq wkh fdqglgdwhv* srolf|
suhihuhqfhv duh orrvho| ghqhg/ ru zkhq hqgrjhqrxv uhqwv iurp r!fh fdq prwlydwh
srolf| ghflvlrqv1 Lq Sduw LLL/ zh uhwxuq wr vxfk djhqf| sureohpv1 Wkhlu lqyhvwl0
jdwlrq lq d vhwwlqj zlwk flwl}hq0fdqglgdwhv lv d gl!fxow/ exw lqwhuhvwlqj/ wrslf iru
ixwxuh uhvhdufk1
67Yhu| uhfhqw zrun e| Ulylºuh +4<<;, dqg Ehvoh| dqg Frdwh +4<<;e, grhv dwwhpsw wr lqwurgxfh
sduwlhv lq d flwl}hq0fdqglgdwh vhwwlqj1
879171 Qrwhv rq wkh olwhudwxuh
Wkhuh lv d odujh olwhudwxuh rq wkh vr0fdoohg fdslwdo ohy| sureohp/ vwduwlqj zlwk
Ilvfkhu +4<;3,1 Wklv olwhudwxuh lqyhvwljdwhv wkh lpsolfdwlrqv ri odfn ri fuhglelolw|
lq fdslwdo wd{dwlrq/ dv zhoo dv krz wr uhvwruh fuhglelolw| wkurxjk uhsxwdwlrq ru lq0
vwlwxwlrqdo ghvljq1 Shuvvrq dqg Wdehoolql +4<<3,/ +4<<;, surylgh h{whqvlyh vxuyh|v
ri fuhglelolw| sureohpv lq vfdo dqg prqhwdu| srolf|/ zkloh Shuvvrq dqg Wdehoolql
+4<<8, vxuyh| wkh olwhudwxuh rq fdslwdo wd{dwlrq dqg wd{ frpshwlwlrq1 Wkh wkhrulhv
ri rswlpdo wd{dwlrq duh vxuyh|hg e| Dxhuedfk dqg Klqhv +wklv yroxph,1
Wkh prgholqj ri srolwlfldqv dv lghrorjlfdoru rxwfrph prwlydwhglqglylgxdov
dw ohdvw gdwhv edfn wr wkh zrun ri Kleev +4<::, dqg Zlwwpdq +4<::,> vhh dovr
Zlwwpdq +4<;6,1 Dohvlqd +4<;;, uhod{hg wkh frpplwphqw dvvxpswlrq lq d vhwwlqj
zlwk udwlrqdo yrwhuv/ dqg vkrzhg wkdw srolf| frqyhujhqfh qr orqjhu dssolhv1
Wkh lghd wkdw vwudwhjlf ghohjdwlrq doorzv wkh sulqflsdo wr frsh zlwk lqfhqwlyh
frqvwudlqwv rq wkh djhqw zdv uvw dssolhg lq lqgxvwuldo rujdql}dwlrq e| Ylfnhuv
+4<;8, dqg Ihuvkwpdq dqg Mxgg +4<;:,1 Lw irxqg vhyhudo rwkhu qdwxudo dssol0
fdwlrqv lq srolwlfdo hfrqrplfv/ zlwk uhjdug wr fuhglelolw| sureohpv lq prqhwdu|
srolf| +Urjr +4<;8,, dqg fdslwdo wd{dwlrq +Shuvvrq dqg Wdehoolql +4<<7e,,/ lqwhu0
qdwlrqdo srolf| frruglqdwlrq +Shuvvrq dqg Wdehoolql +4<<5,,/ klhudufklfdo ghflvlrq
pdnlqj e| glhuhqw ohyhov ri jryhuqphqw lqvlgh d ihghudwlrq +Shuvvrq dqg Wdehoolql
+4<<9,/ edujdlqlqj lqvlgh d ohjlvodwxuh +Fkdul/ Mrqhv dqg Pdulprq +4<<:,/ Ehvoh|
dqg Frdwh +4<<;d, 0 vhh dovr vxevhfwlrq 4415 lq Sduw LL ehorz,1
Wkh flwl}hq0fdqglgdwh prgho zdv irupxodwhg e| Rveruqh dqg Volylqvn| +4<;9,
dqg Ehvoh| dqg Frdwh +4<<:,1 Lw kdv vlqfh ehhq dssolhg wr dqdo|}h vhyhudo hfrqrplf
srolf| sureohpv> uhihuhqfhv duh jlyhq lq wkh vhfwlrqv wr iroorz1 Ehvoh| dqg Frdwh
+4<<;e, lqfoxghv d shqhwudwlqj glvfxvvlrq ri wkh h!flhqf| surshuwlhv ri srolwlfdo
htxloleuld lq flwl}hq fdqglgdwh prghov1
Sduw LL
Vshfldo lqwhuhvw srolwlfv
Pdq| hfrqrplf srolf| ghflvlrqv fuhdwh frqfhqwudwhg ehqhwv iru d ihz zhoo0ghqhg
jurxsv/ zlwk wkh frvw glxvhg lq vrflhw| dw odujh1 Wklv rffxuv lq sxeolf qdqfh/ exw
dovr lq wudgh srolf| dqg uhjxodwlrq1 Zkhqhyhu hfrqrplf srolf| ehqhwv qduurzo|
ghqhg vshfldo lqwhuhvwv/ wkh srolwlfdo lqfhqwlyhv wr lq xhqfh wkh ghvljq ri vxfk
88srolflhv duh pxfk vwurqjhu iru wkh ehqhfldulhv wkdq iru wkh pdmrulw| ehdulqj
wkh frvw1 D fodvvlfdo h{dpsoh ri wklv v|vwhpdwlf eldv lv djulfxowxuh1 Iduphuv lq doo
ghprfudflhv duh jhqhurxvo| vxssruwhg wkurxjk wudgh srolflhv/ gluhfw vxevlglhv/ dqg
ydulrxv rwkhu vxssruw surjudpv1 Vhyhudo h{sodqdwlrqv kdyh ehhq vxjjhvwhg iru wklv
skhqrphqrq1 Pdq| vwuhvv wkdw iduphuv kdyh pruh krprjhqrxv hfrqrplf lqwhuhvwv
dqg wkhuhiruh qg lw hdvlhu wr jhw rujdql}hg1 Rwkhuv hpskdvl}h wkdw iduphuv duh
ohvv lghrorjlfdoo| eldvhg dqg wkhuhiruh ehfrph d qdwxudo wdujhw iru srolwlfldqv zkr
ylh iru hohfwrudo vxssruw1 Vrph dovr srlqw rxw wkdw iduphuv duh frqfhqwudwhg lq
uxudo hohfwrudo glvwulfwv zklfk duh riwhq ryhuuhsuhvhqwhg lq ohjlvodwxuhv/ ru wkdw
ohjlvodwruv uhsuhvhqwlqj uxudo lqwhuhvwv riwhq krog lpsruwdqw srvlwlrqv dv plqlvwhuv
ru fkdluphq ri frqjuhvvlrqdo frpplwwhhv1
Wkh sxeolf fkrlfh olwhudwxuh kdv hpskdvl}hg rqh ri wkhvh phfkdqlvpv lq sdu0
wlfxodu1 Gxh wr wkhlu kljkhu vwdnhv lq wkh ydulrxv surjudpv/ ehqhfldulhv duh pruh
olnho| wr jhw srolwlfdoo| rujdql}hg/ zkhuhdv wkh lqwhuhvwv ri wkh xqrujdql}hg jhq0
hudo sxeolf duh qhjohfwhg1 Wklv lghd gdwhv edfn wr wkh zrun ri Vfkdwwvfkqhlghu
+4<68,/ Wxoorfn +4<8<,/ Rovrq +4<98,/ Zhlqjdvw/ Vkhsovoh dqg Mrkqvhq +4<;4,/
Ehfnhu +4<;6,/ +4<;8, dqg vhyhudo rwkhuv1 Pxhoohu +4<;<,/ +4<<:, lqfoxgh h{fho0
ohqw vxuyh|v ri wkh hduolhu olwhudwxuh1 Pruh uhfhqw frqwulexwlrqv kdyh irfxvhg rq
vwuxfwxudo prghov ri wkh srolwlfdo surfhvv/ wu|lqj wr lghqwli| vshflf ihdwxuhv ri wkh
srolwlfdo v|vwhp wkdw frqihu srzhu wr vrph jurxsv udwkhu wkdq rwkhuv/ ru wkdw hq0
wdlo v|vwhpdwlf eldvhv lq djjuhjdwh vshqglqj1 Lq wklv sduw/ zh vxuyh| vrph ri wkhvh
uhfhqw frqwulexwlrqv1 Wkh pdlq uhvxowv duh wkhruhwlfdo1 Frpsduhg wr Sduw L/ zh
irfxv pruh rq dqdo|wlfdo phwkrgrorj| dqg ohvv rq vshflf hpslulfdo dssolfdwlrqv1
Pxowl0glphqvlrqdolw| ri srolf| vsdfh uhqghuv wkh vlpsoh hohfwrudo dssurdfk
dgrswhg lq Sduw L xvhohvv/ dv lw zrxog xqdyrlgdeo| uhvxow lq Frqgrufhw f|fohv1
Wr suhglfw olnho| srolf| rxwfrphvdqg/ lq sduwlfxodu/ zklfk jurxsv duh prvw
srzhuixo lq wkh vwuxjjoh iru ehqhwvzh pxvw vshfli| wkh lqvwlwxwlrqdo ghwdlov ri
wkh srolf| surfhvv1 Glhuhqw eudqfkhv ri srolwlfdo hfrqrplfv kdyh wdnhq wklv urxwh
lq uhfhqw |hduv/ vshfli|lqj wkh srolf|pdnlqj surfhvv dv dq h{whqvlyh0irup jdph
dqg dvvxplqj udwlrqdo lqglylgxdo ehkdylru1 Vrph ri wkh hpslulfdo lpsolfdwlrqv duh
qrw yhu| glhuhqw iurp wkrvh ri hduolhu sxeolf fkrlfh olwhudwxuh1 Wkh roghu dssurdfk
riwhq odfnhg plfur0srolwlfdo irxqgdwlrqv/ krzhyhu/ uho|lqj lqvwhdg rq qrq0ghulyhg
lq xhqfh ixqfwlrqv/ srolwlfdo vxssruw ixqfwlrqv/ ru yrwh ixqfwlrqv1 Frqwulexwruv
wr wkh pruh uhfhqw olwhudwxuh kdyh wulhg wr oo wklv jds/ e| ehlqj pruh h{solflw rq
wkh lqvwlwxwlrqdo dvvxpswlrqv dqg pruh xqfrpsurplvlqj rq wkh uhtxluhphqwv ri
lqglylgxdo udwlrqdolw|1
Wr looxvwudwh wkh hhfwv ri wkh glhuhqw srolwlfdo ghwhuplqdqwv ri srolf|/ zh vwlfn
89wr wkh vdph hfrqrplf h{dpsoh wkurxjkrxw168 Zh fkrrvh d yhu| vlpsoh prgho/
zklfk kljkoljkwv wkh pruh jhqhudo skhqrphqrq ri frqfhqwudwhg ehqhwv dqg glv0
shuvhg frvwv lq d wudqvsduhqw zd|1 Wkxv/ zh vwxg| d vrflhw| zkhuh wkh jryhuqphqw
xvhv d frpprq srro ri wd{ uhyhqxhv wr surylgh dq duud| ri sxeolfo| surylghg jrrgv/
wkh ehqhwv ri zklfk duh frpsohwho| frqfhqwudwhg wr zhoo0ghqhg jurxsv1 Wzr xq0
ghuo|lqj txhvwlrqv prwlydwh wkh dqdo|vlv1 Wkh uvw/ dqg prvw lpsruwdqw txhvwlrq/
frqfhuqv wkh doorfdwlrq dprqj jurxsv= zklfk jurxsv duh srolwlfdoo| srzhuixo dqg
k r zl vw k l vu h o d w h gw rs r o l w l f d ol q v w l w x w l r q v B W k hr w k h ut x h v w l r qf r q f h u q vd j j u h 0
jdwh rxwfrphv= zkdw lv wkh hhfw ri dowhuqdwlyh lqvwlwxwlrqv rq wkh ryhudoo vl}h ri
jryhuqphqwB
Lq Vhfwlrq :/ zh irupxodwh wkh edvlf prgho dqg ghulyh vrph ehqfkpdun doorfd0
wlrqv1 Lq wkh vxevhtxhqw vhfwlrqv/ zh dsso| wkuhh glhuhqw vwdwh0ri0wkh0duw prghov
wr rxu srolf| h{dpsoh1 Hdfk rqh ri wkhvh vwxglhv d vshflf ihdwxuh ri wkh srolwlfdo
s u r f h v vl qg h w d l o 1
Lq Vhfwlrq ;/ zh irupxodwh d ohjlvodwlyh edujdlqlqj prgho/ ghyhorshg e| uh0
vhdufkhuv lq Dphulfdq frqjuhvvlrqdo srolwlfv/ wr vwxg| ghflvlrq0pdnlqj uxohv dqg
exgjhwdu| surfhgxuhv1 Srolwlfdo srzhu uh hfwv wkh dvvljqphqw ri djhqgd vhwwlqj
ru dphqgphqw uljkwv/ dqg wkh vhtxhqflqj ri ghflvlrqv1 Lqvwlwxwlrqv wkdw fhqwudol}h
ghflvlrq0pdnlqj srzhu e| frqihuulqj vwurqj sursrvdo uljkwv dqg olplwlqj dphqg0
phqwv lqgxfh d vpdoo vl}h ri jryhuqphqw/ exw glvwruw wkh doorfdwlrq lq idyru ri
zkrhyhu krogv vxfk srzhuv1
Lq Vhfwlrq </ zh xvh d prgho ri oree|lqj dv frpprq djhqf|/ ghyhorshg e|
uhvhdufkhuv lq wudgh srolf|/ wr vwxg| wkh lq xhqfh dfwlylwlhv ri rujdql}hg lqwhu0
hvw jurxsv1 Wkh prgho gluhfwv wkh dwwhqwlrq wr fdpsdljq frqwulexwlrqv dqg wkh
rujdql}dwlrqdo sdwwhuq ri lqwhuhvw jurxsv1 Jurxsv rujdql}hg dv d oree| kdyh glv0
sursruwlrqdwh lq xhqfh rq wkh qdo doorfdwlrq/ zklfk jhqhudoo| uhvxowv lq vxers0
wlpdo doorfdwlrqv1 Li wd{sd|huv duh ohvv srolwlfdoo| rujdql}hg wkdq wkh ehqhfldulhv
ri wkh vshqglqj surjudpv/ ehfdxvh wkh| kdyh vpdoohu vwdnhv lqglylgxdoo|/ d odujh
jryhuqphqw hphujhv1
Lq Vhfwlrq 43/ zh xvh d prgho ri hohfwrudo frpshwlwlrq/ ghyhorshg e| sxe0
olf hfrqrplvwv/ wr vwxg| wkh hohfwrudo sodwirupv fkrvhq e| wzr yrwh0pd{lpl}lqj
sduwlhv1 Dv lq Sduw L/ wkh sduwlhv duh r!fh prwlydwhg dqg frpplw wr srolf| sodw0
irupv dkhdg ri wkh hohfwlrqv1 Exw wkh phgldq0yrwhu uhvxow grhv qrw krog khuh/
ehfdxvh h{rjhqrxv lqwulqvlf glhuhqfhv ehwzhhq wkh wzr sduwlhv/ ehfdxvh wkh| duh
hydoxdwhg lq d glhuhqw zd| e| glhuhqw yrwhuv1 Zkhq fkrrvlqj zklfk sduw| wr
vxssruw/ yrwhuv wudgh r wkhlu suhghwhuplqhg lghrorjlfdo sduw| suhihuhqfhv djdlqvw
68Wkh wuhdwphqw lq wklv sduw h{whqgv d vxuyh| dorqj vlplodu olqhv lq Shuvvrq +4<<;,1
8:hfrqrplf srolf| sodwirupv1 Srolwlfdo srzhu uh hfwv wkh glvwulexwlrq ri yrwhuv* lgh0
rorjlfdo suhihuhqfhv dfurvv jurxsv> pruh srzhuixo jurxsv lqfoxgh d odujh qxpehu
ri vzlqj0yrwhuv/ l1h1/ yrwhuv zkr duh preloh dfurvv sduwlhv ehfdxvh wkh| gr qrw
fduh derxw lghrorj|1 Wr zlq wkh hohfwlrqv/ erwk sduwlhv gluhfw hfrqrplf ehqhwv
wrzdugv wkhvh d0lghrorjlfdo yrwhuv1
Zkloh wkhvh dssurdfkhv |lhog xvhixo lqvljkwv/ hdfk ri wkhp vwloo jlyhv d sduwldo
dqvzhu wr wkh txhvwlrq zklfk duh wkh prvw srzhuixo jurxsv1 D irupdo lqwhjudwlrq
ri wkh glhuhqw dssurdfkhv lv rqo| ehjlqqlqj wr wdnh vkdsh1 Vhfwlrq 44 glvfxvvhv
wkh pdlq uhvxowv vr idu1 Zh vwduw e| vwxg|lqj wkh lqwhudfwlrq ehwzhhq hohfwlrqv dqg
oree|lqj= r!fh0vhhnlqj srolwlfldqv xvh wkh oree|lqj uhyhqxhv wr lq xhqfh yrwhuv1
Qh{w/ zh looxvwudwh wkh lqwhudfwlrq ehwzhhq ohjlvodwlyh edujdlqlqj dqg hohfwlrqv=
yrwhuv lq hdfk ri pxowlsoh yrwlqj glvwulfwv hohfw rxwfrph0prwlydwhg srolwlfldqv dv
wkhlu uhsuhvhqwdwlyhv lq d vxevhtxhqw ohjlvodwlyh edujdlqlqj jdph1 Ilqdoo|/ zh
vwxg| wkh lqwhudfwlrq ehwzhhq ohjlvodwlrq dqg oree|lqj= glhuhqw oreelhv vhhn wr
lq xhqfh qdqfh0prwlydwhg srolwlfldqv lqyroyhg lq ohjlvodwlyh edujdlqlqj wr frqihu
ehqhwv rq wkhlu jurxsv1 Wkh uhvxowv gr qrw dozd|v frqvwlwxwh d frqyh{ frpelqd0
wlrq ri wkh uhvxowv iurp sduwldo prghov169
Ryhudoo/ wkh uhvxowv lq wklv sduw uhpryh xv yhu| idu iurp wkh phgldq yrwhu
rxwfrph ri Sduw L1 Srolwlfv lv pxfk pruh wkdq mxvw yrwh frxqwlqj1 Wr xqghuvwdqg
wkh srolwlfdo ghwhuplqdqwv ri srolf|/ zh pxvw sd| dwwhqwlrq wr pdq| qh ghwdlov
ri wkh srolwlfdo surfhvv1 Exw wkh uhvhdufk wr gdwh lv pdlqo| wkhruhwlfdo1 Lw qhhgv
wr eh lqwhjudwhg zlwk hpslulfdo zrun/ wr jdlq d pruh frpsohwh xqghuvwdqglqj ri
wkh uhodwlyh lpsruwdqfh ri hdfk ri wkhvh ghwdlov1
:1 D vlpsoh prgho
Frqvlghu d vrflhw| zlwk M glvwlqfw jurxsv ri lghqwlfdo lqglylgxdov1 Jurxs a '
ccM kdv vl}h +pdvv, ac
S
a a ' c zkhuh  lv wkh vl}h ri wkh hqwluh srsx0





69Dq lpsruwdqw rplvvlrq lv wkdw zh hqwluho| glvuhjdug exhudxfudwlf ehkdylru dqg lwv lqwhudfwlrq
zlwk rwkhu sduwv ri wkh srolwlfdo surfhvv1 Hfrqrplvwv kdyh uhfhqwo| exlow vwuxfwxudo prghov ri
wkh lqwhudfwlrq ehwzhq lqwhuhvw jurxsv dqg wkh exuhdfudf| wr vwxg| uhjxodwru| fdswxuh +Od￿rqw
dqg Wluroh +4<<6,, dqg srolwlfdo vflhqwlvwv kdyh vwxglhg wkh ohjlvodwxuh*v frqwuro ri exuhdfudf|
+Pf Fxeelqv/ Qroo/ dqg Zhlqjdvw +4<;:,,1
8;zkhuh Sa ghqrwhv wkh frqvxpswlrq ri sulydwh jrrgv +wkh vdph iru hyhu| jurxs
phpehu, dqg }a lv wkh shu0fdslwd vxsso| ri d sxeolfo| surylghg jrrg1 Wkh lq0
fuhdvlqj dqg frqfdyh ixqfwlrq MEc zlwk MEf ' fc lv wkxv ghqhg ryhu d jrrg/
zklfk ehqhwv jurxs a rqo| dqg pxvw eh sxeolfo| surylghg lq dq htxdo dprxqw
shu fdslwd +zh frxog hdvlo| dgg vrph h{whuqdolwlhv rqwr rwkhu jurxsv/ dw wkh frvw
ri dgglwlrqdo dojheudlf frpsoh{lw|,1 Lqglylgxdo lqfrph lv wkh vdph lq doo jurxsv=
+a ' + D xqlw ri lqfrph +sulydwh frqvxpswlrq, fdq eh frvwohvvo| frqyhuwhg lqwr
rqh xqlw ri dq| ri wkh M sxeolfo| surylghg jrrgv/ dqg wd{dwlrq lv oxps0vxp1
Wklv prgho fdq eh lqwhusuhwhg lq d qxpehu ri zd|v= jurxsv frxog eh ghqhg e|
wkhlu suhihuhqfhv/ rffxsdwlrq/ djh ru rwkhu shuvrqdo dwwulexwhv/ ru e| jhrjudsklfdo
orfdwlrq1
:141 D qrupdwlyh ehqfkpdun
Dv d qrupdwlyh ehqfkpdun/ frqvlghu wkh xwlolwduldq rswlpxp/ rewdlqhg e| pd{l0




￿ ac vxemhfw wr wkh uhvrxufh frq0
vwudlqw
S
a aE}a n Sa'+1 Wkh uhvxowlqj ehqfkpdun doorfdwlrq lv suhww|
reylrxv/ qdpho| wr vhw wkh yhfwru }  E}a vxfk wkdw wkh dyhudjh pdujlqdo ehqhw
lq hdfk jurxs htxdov wkh pdujlqdo vrfldo frvw ri xqlw|=
M}E}
W' +:15,
Iru ixwxuh uhihuhqfh/ zh ghqrwh djjuhjdwh vshqglqj dvvrfldwhg zlwk wklv doorfdwlrq
CW ' }W
Wklv doorfdwlrq frxog hdvlo| eh lpsohphqwhg li hdfk ri wkh jurxs0vshflf jrrgv
zhuh qdqfhg e| jurxs0vshflf oxps0vxp wd{hv/ Ea/v rw k d w =S a '+ a '
+} a Li ixoo ghfhqwudol}dwlrq ri vshqglqj dqg qdqflqj wr hdfk jurxs zhuh
ihdvleoh/ wklv zrxog eh wkh rswlpdo lqvwlwxwlrqdo duudqjhphqw1 Wkh srolf|pdnhuv*
lqfhqwlyhv zrxog qrw eh glvwruwhg/ dqg wkh vrfldoo| rswlpdo srolf| zrxog hphujh
dv dq htxloleulxp1
Lq wkh uhdo zruog/ krzhyhu/ lw lv riwhq lpsrvvleoh wr ghvljq wkh wd{ v|vwhp
vr wkdw wkh wd{ sd|huv* qdqflqj ri d jurxs0vshflf jrrg suhflvho| frlqflgh zlwk
wkh ehqhfldulhv1 Iru lqvwdqfh/ wkh ehqhfldulhv pd| eh lghqwlhg e| wkhlu shu0
vrqdo dwwulexwhv ru rffxsdwlrq/ dqg qrw e| uhvlghqfh> ru/ hovh/ wkhlu lqglylgxdo
fkdudfwhulvwlfv pd| eh xqrevhuydeoh/ dv lq wkh fdvh ri suhihuhqfhv1
Rxu jrdo lq wklv sduw lv wr h{soruh wkh lqfhqwlyh sureohpv dulvlqj xqghu fhq0
wudol}hg qdqflqj/ dqg krz glhuhqw srolwlfdo lqvwlwxwlrqv fkdqjh wkhvh lqfhqwlyhv
dqg wkh uhvxowlqj doorfdwlrqv1 Wkxv/ wkurxjkrxw/ zh uhwdlq wkh vwdun exw vlp0
soli|lqj dvvxpswlrq wkdw doo sxeolfo| surylghg jrrgv pxvw eh qdqfhg rxw ri d
8<frpprq srro ri wd{ uhyhqxhv/ zlwk htxdo frqwulexwlrqv iurp hdfk jurxs1 Wkh
srolf| lqvwuxphqwv duh dozd|v wkh vdph= wkh yhfwru }  E}a ri sxeolfo| surylghg
jurxs0vshflf jrrgv dqg d frpprq oxps0vxp wd{/ cdqg wkh| duh dozd|v vxemhfw
wr wkh vdph jryhuqphqw exgjhw frqvwudlqw=  '
S
a a}a  Cc zkhuh Cc dv
deryh/ ghqrwhv djjuhjdwh h{shqglwxuhv1
Lq wklv vhw0xs/ lqglylgxdov kdyh glvwruwhg lqfhqwlyhv dqg wkhuh lv vkdus glv0
djuhhphqw ryhu srolf|1 Wkh uhdvrq lv wkdw wkh frvw ri qdqflqj wkh sxeolf jrrg
lv vkduhg ehwzhhq wkh jurxsv1 Khqfh/ ehqhfldulhv zrxog olnh wr ryhu0vshqg rq
wkhlu suhihuuhg sxeolf jrrg/ vlqfh wkh frvw ri surylglqj wklv jrrg lv vkduhg zlwk
rwkhuv1 Frqyhuvho|/ hyhu| jurxs zlvkhv wr uhgxfh vshqglqj rq wkh rwkhu sxeolf
jrrgv/ vlqfh wkh| gr qrw lqwhuqdol}h dq| ehqhw iurp wkhp1
Dgglqj h{whuqdolwlhv/ vr wkdw wkh orfdo sxeolf jrrg }a dovr dhfwv wkh xwlolw|
ri jurxsv glhuhqw iurp a dggv rwkhu frqvlghudwlrqv/ exw grhv qrw uhpryh wkh
lqfhqwlyh sureohpv glvfxvvhg wkurxjkrxw wklv sduw1 Hyhq li ixoo ghfhqwudol}dwlrq
zdv ihdvleoh/ lw zrxog qrw gholyhu wkh vrfldo rswlpxp/ dv wkh h{whuqdolwlhv zrxog
qrw eh lqwhuqdol}hg1 Xqghu ixoo fhqwudol}dwlrq/ wkh lqfhqwlyh sureohpv gxh wr frvw
vkdulqj zrxog uhpdlq/ dv orqj dv glhuhqw jurxsv suhihuuhg glhuhqw frpelqdwlrqv
ri sxeolf jrrgv1 Iru vlpsolflw|/ wkurxjkrxw wklv sduw/ zh wkxv qhjohfw h{whuqdolwlhv1
:151 Wkh edvlf frpprq0srro sureohp
Wr looxvwudwh wkhvh lqfhqwlyh sureohpv/ zh vwduw zlwk d vlpsoh ghflvlrq0pdnlqj
surfhgxuh1 Hdfk jurxs ghflghv iuhho| rq wkh vxsso| ri wkh sxeolf jrrg zkhuhdv












Dq htxloleulxp lv d yhfwru }( +( iru ghfhqwudol}hg vshqglqj,/ vxfk wkdw hdfk jurxs
a pd{lpl}hv ` aE} zlwk uhvshfw wr }ac wdnlqj htxloleulxp h{shqglwxuhv e| doo







Vlqfh wkh uljkw kdqg0vlgh ri +:17, lv vpdoohu wkdq 4/ doo jurxsv ryhuvshqg frp0
sduhg wr wkh vrfldo rswlpxp= }ac( :} Wiru doo ac dqg vpdoohu jurxsv ryhuvshqg
wr d odujhu h{whqw1 Wklv lv wkh idploldu frpprq srro sureohp= hdfk jurxs ixoo|
93lqwhuqdol}hv wkh ehqhw ri lwv rzq sxeolf jrrg/ exw dv qdqflqj lv vkduhglw
lqwhuqdol}hv rqo| wkh iudfwlrq a* ri wkh vrfldo pdujlqdo frvw ri kljkhu wd{hv1
Wkh sureohp khuh olhv lq wkh froohfwlyh fkrlfh surfhgxuh/ zkhuh wkh wd{ udwh lv
uhvlgxdoo| ghwhuplqhg rqfh doo vshqglqj ghflvlrqv kdyh ehhq pdgh lq d ghfhqwudo0
l}hg idvklrq1 Frqfhqwudwlrq ri ehqhwv dqg glvshuvlrq ri frvwv ohdg wr h{fhvvlyh
vshqglqj zkhq uhvlgxdoo| qdqfhg rxw ri d frpprq srro ri wd{ uhyhqxh1
Hyhq wkrxjk wkh qdwxuh ri wkh sureohp lv hylghqw/ wkh uhphg| ri ixoo ghfhq0
wudol}dwlrq ri qdqflqj pd| eh gl!fxow wr hqirufh1 Dv phqwlrqhg deryh/ lw pd|
eh kdug wr dgdsw wkh v|vwhp ri qdqflqj wr wkh uhohydqw jurxs vwuxfwxuh1 Frp0
prq srro sureohpv wkxv dulvh lq pdq| vlwxdwlrqv1 Iru lqvwdqfh/ wkh| fdq eh gxh
wr odfn ri lqirupdwlrq/ vr wkdw vrph vshqglqj ghflvlrqv pxvw eh ghfhqwudol}hg
wr orfdo jryhuqphqwv/ jryhuqphqw djhqflhv/ ru sxeolf hqwhusulvhv/ zkloh qdqflqj
uhpdlqv fhqwudol}hg1 Pruhryhu/ wkh lqfhqwlyh sureohp looxvwudwhg deryh grhv qrw
glvdsshdu xqghu ixoo| fhqwudol}hg ghflvlrqv rq vshqglqj/ dv hdfk jurxs zloo vhhn
wr lq xhqfh wkh fhqwudo jryhuqphqw wr vdwlvi| lwv rzq lqwhuhvwv1 Frqfhqwudwlrq
ri ehqhwv dqg glvshuvlrq ri frvwv lpso| wkdw hdfk jurxs uhwdlqv dq lqfhqwlyh wr
ghpdqg dq ryhuvxsso| ri jrrgv wr lwv rzq jurxs/ dqg dq xqghuvxsso| wr wkh rwkhu
jurxsv/ wr dyrlg sd|lqj kljk wd{hv1 Zklfk jurxsv zloo eh prvw srolwlfdoo| srz0
huixo/ lq wdnlqj dgydqwdjh ri wklv rssruwxqlw|/ ghshqgv rq jurxs dwwulexwhv exw
dovr rq srolwlfdo dqg exgjhwdu| lqvwlwxwlrqv1 Wkh uhpdlqlqj vhfwlrqv glvfxvv krz
wkh srolf| sureohp lv uhvroyhg lq dowhuqdwlyh lqvwlwxwlrqdo vhwwlqjv dqg krz wkhvh
vhwwlqjv vkdsh revhuyhg srolf| rxwfrphv1
:161 Qrwhv rq wkh Olwhudwxuh
Wklv vhfwlrq gudzv rq Shuvvrq dqg Wdehoolql +4<<7f,1 Prghov ri wklv vruw kdyh
ehhq h{whqvlyho| xvhg wr glvfxvv lqfhqwlyh sureohpv lq orfdo sxeolf qdqfh dqg
wr frqwudvw dowhuqdwlyh exgjhwdu| surfhgxuhv1 Lq sduwlfxodu/ Ehvoh| dqg Frdwh
+4<<;d,/ Orfnzrrg +4<<;, dqg Gdyhul +4<<;, frqvlghu d vlplodu vhw0xs/ exw dv0
vxph wkdw orfdo sxeolf jrrgv kdyh h{whuqdolwlhv rq rwkhu jurxsv1 Wkh| frqwudvw
ghfhqwudol}hg dqg fhqwudol}hg duudqjhphqwv/ srlqwlqj wr d wudghr ehwzhhq wzr
rssrvlwh lqfhqwlyh sureohpv1 Fhqwudol}dwlrq pdnhv lw pruh olnho| wkdw vslooryhu
hhfwv duh lqwhuqdol}hg/ exw frvw vkdulqj jhqhudwhv wkh lqfhqwlyh sureohpv glv0
fxvvhg lq wkh qh{w vxevhfwlrq dqg wkurxjkrxw wklv sduw1 Ixoo ghfhqwudol}dwlrq rq
wkh rwkhu kdqg/ suhyhqwv wkh h{whuqdolwlhv iurp ehlqj lqwhuqdol}hg1 Wkh suhihuuhg
lqvwlwxwlrqdo duudqjhphqw wkxv ghshqgv rq zklfk ri wkhvh lqfhqwlyh sureohpv lv
wkh zruvw1
94Zkhq wkhuh lv d yhuwlfdo klhudufk| ri ghflvlrq pdnhuv/ dv zlwk ihghudo dqg
orfdo jryhuqphqwv/ odfn ri frpplwphqw e| wkh sulqflsdo pd| lqgxfh d vriw exg0
jhw frqvwudlqw rq wkh djhqw1 Dv frpprq0srro sureohpv/ vriw0exgjhw0frqvwudlqw0
sureohpv pd| ohdg wr ryhu0vshqglqj1 Ghzdwulsrqw dqg Pdvnlq +4<<8, lv wkh fodv0
vlfdo uhihuhqfh rq vriw exgjhw frqvwudlqwv lq d sulqflsdo djhqw vhw0xs1 Tldq dqg
Urodqg +4<<;, dqg Erugljqrq/ Pdqdvvh dqg Wdehoolql +4<<:, kdyh vwxglhg yhuvlrqv
ri wklv sureohp lq orfdo sxeolf qdqfh1
;1 Ohjlvodwlyh edujdlqlqj
D odujh hpslulfdo olwhudwxuh kdv vwxglhg krz exgjhwdu| lqvwlwxwlrqv fruuhodwh zlwk
vfdo rxwfrphv1 Prvw ri wklv olwhudwxuh irfxvhv rq lqwhuwhpsrudo vfdo srolf|
fkrlfhv/ krzhyhu1 Furvv0vhfwlrqdo frpsdulvrqv vxjjhvw wkdw vshflf surfhgxuhv duh
dvvrfldwhg zlwk vpdoohu exgjhw ghflwv1 Lq sduwlfxodu/ fhqwudol}dwlrq ri exgjhwdu|
srzhu wr wkh sulph plqlvwhu ru wkh qdqfh plqlvwhu/ wzr0vwdjh exgjhwlqj zlwk
sulru vhwwlqj ri ghflw wdujhwv/ uhvwulfwlrqv rq dphqgphqwv ri vshqglqj sursrvdov/
dqg frqvwlwxwlrqdo olplwv rq ghflw vshqglqj/ vhhp wr surprwh pruh vfdo glvfl0
solqh16: Ohvv dwwhqwlrq kdv ehhq ghyrwhg wr lpsolfdwlrqv ri dowhuqdwlyh exgjhwdu|
surfhgxuhv iru wkh vl}h ri jryhuqphqw/ zlwk d ihz h{fhswlrqv qrwhg ehorz1 Wklv
lv dq xqiruwxqdwh rplvvlrq/ dv rqh ri wkh xqghuo|lqj sureohpv zklfk vwulfwhu
exgjhwdu| surfhgxuhv duh vxssrvhg wr vroyh/ qdpho| wkh frpprq0srro sureohp/
pd| dovr glvwruw wkh ohyho ri vshqglqj1
Dv qrwhg lq wkh suhylrxv vhfwlrq/ wkh sureohp vwhpv iurp h{fhvvlyh ghfhqwudo0
l}dwlrq ri vshqglqj= hdfk jurxs lv wkh duelwhu ri vshqglqj rq lwv rzq orfdo sxeolf
jrrg1 Lq wklv vhfwlrq/ zh dqdo|}h d fhqwudol}hg surfhgxuh= wkh srolf| yhfwru +}c| ,
lv qrz dvvxphg wr hqwdlo vshqglqj rq jhrjudsklfdo glvwulfwv1 Wr eh lpsohphqwhg/ d
srolf| pxvw eh dssuryhg e| d pdmrulw| ri glvwulfwv/ dffruglqj wr vshflf surfhgxudo
uxohv1 Li wkhuh lv qr djuhhphqw/ d ghidxow rxwfrphwkh vwdwxv txrnlfnv lq1 Wkh
prgho ri wklv vhfwlrq wkxv sxusruwv wr ghvfuleh ghflvlrq pdnlqj lq d ohjlvodwxuh/
dqg wkh uxohv fdswxuh vw|ol}hg ihdwxuhv ri wkh exgjhw surfhvv1 Zh gudz rq wkh
vhplqdo zrun e| Edurq dqg Ihuhmrkq +4<;<,/ zkrvh ohjlvodwlyh edujdlqlqj iudph0
zrun kdv ehfrph d zrun0kruvh prgho iru wkh dqdo|vhv ri wkh Dphulfdq Frqjuhvv
dqg rwkhu ohjlvodwxuhv1 Zh dvn krz edujdlqlqj srzhu lv ghwhuplqhg lqvlgh wkh
ohjlvodwxuh/ dqg krz dowhuqdwlyh surfhgxuhv vkdsh djjuhjdwh vshqglqj16;
6:Lq wkh X1V1/ d surfhgxuh vlplodu wr jlylqj srzhu wr wkh Wuhdvxu| lv wr uhtxluh doo vshqglqj
sursrvdov wr eh fkdqqhoohg wkurxjk rqh frpplwwhh> vhh Frjdq +4<<7,1
6;Edurq +4<<6, kdv dssolhg wkh ohjlvodwlyh edujdlqlqj prgho wr d vlplodu srolf| sureohp1
95;141 D vlpsoh ohjlvodwlyh edujdlqlqj prgho
Jurxsv duh glvwlqjxlvkhg e| wkhlu jhrjudsklfdo orfdwlrq dqg hdfk orfdwlrq lv uhs0
uhvhqwhg e| rqh phpehu lq wkh ohjlvodwxuh1 Wklv uhsuhvhqwdwlyh lv rxwfrph prwl0
ydwhg dqg lv d shuihfw ghohjdwh ri khu frqvwlwxhqf|/ lq wkdw khu suhihuhqfhv duh ri
wkh vdph irup dv lq +:16,1 Wkh qxpehu ri glvwulfwv dqg uhsuhvhqwdwlyhv M lv qrz
dvvxphg wr eh rgg/ zlwk M  Wkhvh dvvxpswlrqv w zhoo wkh v|vwhp ri uhsuhvhq0
wdwlrq lq wkh Dphulfdq frqjuhvv zlwk soxudolw| hohfwlrqv lq pxowlsoh vlqjoh0phpehu
glvwulfwv1 Lqwhusuhwdwlrqv pruh wwlqj wr sduoldphqwdu| v|vwhpv zlwk sursruwlrqdo
uhsuhvhqwdwlrq duh dovr srvvleoh/ exw ohvv vwudljkwiruzdug1
Wkh exgjhw surfhvv lq d ohjlvodwlyh vhvvlrq frqvlvwv ri wkh iroorzlqj vhtxhqfh
ri hyhqwv= +l, Rqh ri wkh uhsuhvhqwdwlyhv/ a ' @c lv fkrvhq wr eh wkh djhqgd
vhwwhu6< +ll, Uhsuhvhqwdwlyh @ pdnhv d srolf| sursrvdo/ } +lll, Wkh ohjlvodwxuh
yrwhv rq wkh sursrvdo1 Li d vlpsoh pdmrulw| dssuryhv wkh sursrvdowkdw lv/ dw
ohdvw [3￿
2 rwkhu ohjlvodwruv yrwh lq idyruwkhq } lv lpsohphqwhg +@ dozd|v yrwhv




Lq wkh mdujrq ri wkh ohjlvodwlyh edujdlqlqj olwhudwxuh/ zh duh wkxv frqvlghulqj d
forvhg uxohl1h1 sursrvdov fdqqrw eh dphqghgzlwk rqo| rqh urxqg ri sursrv0
dov1 Dphqgphqwv dqg pxowlsoh urxqgv/ zlwk sursrvdo uljkwv dowhuqdwlqj ehwzhhq
ohjlvodwruv/ duh glvfxvvhg ehorz1
;151 Srolwlfdo htxloleulxp
Frqvlghu uvw wkh fkrlfhv e| ohjlvodwruv a 9' @ dw wkh yrwlqj vwdjh +lll,1 Fohduo|/
dq| ohjlvodwru zloo rqo| dssuryh sursrvdov } zklfk/ iurp khu rzq srlqw ri ylhz/
duh qrw zruvh wkdq wkh vwdwxv txr +zh dvvxph wkdw lqglhuhqw ohjlvodwruv dozd|v
yrwh |hv wr d sursrvdo,1 Iurp +:16, dqg wkh ghqlwlrq ri }/ ohjlvodwru a 9' @ yrwhv













Frqvlghu qh{w wkh sursrvdo vwdjh +ll,1 Khuh/ wkh djhqgd vhwwhu pd{lpl}hv khu rzq
sd|0r/ jlyhq e| +:16,/ vxemhfw wr wkh jryhuqphqw exgjhw frqvwudlqw/ wkh lqfhqwlyh
6<Zh gr qrw prgho wkh fulwhuld iru vhohfwlqj wkh djhqgd vhwwhu1 Lq uhdo zruog ghprfudflhv
wklv fkrlfh suhvxpdeo| uh hfwv hohfwrudo rxwfrphv1 Exw yhu| ihz sdshuv kdyh wulhg wr prgho
wklv irupdoo|> vhh/ krzhyhu/ PfNhoyh| dqg Ulh}pdq +4<<4, dqg wkh glvfxvvlrq dw wkh hqg ri
vxevhfwlrq 44151
96frpsdwlelolw| frqvwudlqwv +;14, kroglqj iru d pdmrulw| frdolwlrq Pc lqfoxglqj dw
ohdvw [3￿
2 rwkhu ohjlvodwruv/ dqg wkh qrq0qhjdwlylw| frqvwudlqwv }a  f iru doo a
Holplqdwlqj wkh pxowlsolhuv iurp wkh Nxkq0Wxfnhu frqglwlrqv wr wklv sureohp dqg
pdqlsxodwlqj wkh vroxwlrq/ zh fdq zulwh wkh iroorzlqj frqglwlrqv ghvfulelqj wkh






























Wr xqghuvwdqg wklv htxloleulxp/ frqvlghu wkh lqfhqwlyhv ri @ Wr jhw vxssruw
iurp rwkhu ohjlvodwruv/ @ pxvw vshqg frvwo| wd{ uhyhqxh lq wkhlu glvwulfwv1 Zh fdq
frqvlghu @*v sureohp lq wzr vwdjhv1 Lq wkh uvw vwdjh/ vkh plqlpl}hv wkh wd{ udwh
 qhfhvvdu| iru rewdlqlqj vxssruw iru hyhu| ydoxh ri }@c lpso|lqj dq lqfuhdvlqj







M}E}U￿ lq wkh ghqrplqdwru ri wkh uvw uljkw0kdqg vlgh h{suhvvlrq lq
+;16,1 Jlyhq wklv frvw ixqfwlrq/ vkh wkhq vlpso| pd{lpl}hv ME}@n+AE } @
lq wkh vhfrqg vwdjh/ zlwk uhvshfw wr }@1 Wklv kdv vhyhudo frqvhtxhqfhv1
+4, D yhuvlrq ri Ulnhu*v +4<95, vr0fdoohg vl}h sulqflsoh zloo krog= @ fkrrvhv d
plqlpxp zlqqlqj frdolwlrq/ Pc zklfk lv frpsrvhg ri [3￿
2 rwkhu ohjlvodwruv1 Doo
glvwulfwv rxwvlgh wkh zlqqlqj frdolwlrq jhw qr vshqglqj dw doo/ hyhq wkrxjk wkh|
ehdu wkh frvw ri wd{hv1
+5, Iru wkh phpehuv ri P/ @ vshqgv rqo| dv pxfk dv qhfhvvdu| wr jhw wkhlu
yrwh +l1h1/ wr vdwlvi| +;14, zlwk htxdolw|,/ ohdylqj wkhp dv zhoo r dv zlwk wkh
ghidxow srolf|1
+6, Wkh plqlpxp zlqqlqj frdolwlrq lv frpsrvhg ri wkrvh ohjlvodwruv zkrvh
vxssruw lv fkhdshvw wr rewdlq1 Wkhvh duh wkh ohjlvodwruv zlwk wkh orzhvw ghidxow
sd|rv/ }a D zhdn vwdwxv txr srvlwlrq pd| wkxv eh wr wkh dgydqwdjh ri d ohjlvodwru
dqg khu glvwulfw1 Hyhq wkrxjk d glvwulfw zlwk d zhdn srvlwlrq jhwv ohvv sxeolf jrrgv/
zkhq lwv ohjlvodwru lv sduw ri Pc wkh fkdqfh ri ehlqj sduw ri wkh pdmrulw| lv kljkhu/
wkh zhdnhu lv wkdw srvlwlrq1 Lq d ulfkhu prgho zkhuh ohjlvodwruv dovr glhu lq wkh
uhodwlyh zhljkw dwwdfkhg wr sulydwh yhuvxv sxeolf frqvxpswlrq/ wkh pdmrulw| zrxog
lqfoxgh wkh ohjlvodwruv zkr fduh pruh derxw sxeolf frqvxpswlrq/ vlqfh wkhlu yrwh
97lv fkhdshu wr ex|wklv srlqw lv rqfh pruh glvfxvvhg lq vhfwlrq 441 Ilqdoo|/ fhwhulv
sdulexv/ vl}hru udwkhu plvuhsuhvhqwdwlrq lq wkh glvwulfwlqjpdwwhuv1 Dv wkhlu
ohjlvodwru vwloo kdv rqh yrwh/ lw lv fkhdshu iru @ wr sohdvh glvwulfwv zlwk d vpdoohu
qxpehu ri yrwhuv Wkh| duh wkxv pruh olnho| wr eh lqfoxghg lq wkh pdmrulw|1
+7, Wkh uhvxowlqj doorfdwlrq lv dv|pphwulf dqg vxerswlpdo frpsduhg wr wkh
xwlolwduldq ehqfkpdun1 Glvwulfwv qrw lq P/ fhuwdlqo| jhw ohvv +qdpho| }hur, vshqg0
lqj wkdq lq wkh xwlolwduldq rswlpxp1 Zkhwkhu wkh phpehuv ri wkh pdmrulw| jhw
pruh ru ohvv/ ghshqgv rq sdudphwhuv dqg rq wkh vkdsh ri ME Dv orqj dv wkh
ghidxow doorfdwlrqv }a ri wkh pdmrulw| glvwulfwv duh qrw wrr kljk/ krzhyhu/ wkh|
zloo w|slfdoo| jhw ohvv= }ac￿ 	} Wiru a 9' @ca 5P Xqghu wkhvh flufxpvwdqfhv/
glvwulfw @ fhuwdlqo| jhwv pruh= }@c￿ :} W1 Wr vkrz wklv irupdoo|/ uhzulwh wkh uvw

















zkhuh wkh ohiw0kdqg vlgh lv wkh h{suhvvlrq ghqlqj wkh xwlolwduldq rswlpxp1 Wkxv/
wkh uljkw0kdqg vlgh phdvxuhv wkh ghyldwlrq iurp wkh h!flhqf| ehqfkpdun1 Qrwh




￿ / lv wkh srsxodwlrq vkduh ri
wkh glvwulfwv qrw ehorqjlqj wr wkh pdmrulw|1 Dv wkh vhfrqg whup lq wkh qxphudwru lv
dovr srvlwlyh/ jlyhq M}E}ac￿ : f iru a 5P cryhusurylvlrq wr glvwulfw @ iroorzv1
Ixuwkhupruh/ wkh ryhusurylvlrq wr @ lv odujhu/ wkh vpdoohu lv wkh srsxodwlrq vkduh
ri wkh pdmrulw| +l h wkh odujhu lv b￿,/ dv wklv uhgxfhv wkh frvw ri h{sdqglqj }@
zkloh frpshqvdwlqj wkh ohjlvodwruv lq wkh pdmrulw|1 Wkh dv|pphwu| dovr ghshqgv
rq wkh ghidxow srvlwlrqv> wkh orzhu lv wkh dyhudjh ydoxh ri }ac w k hp r u hs r z h u i x ol v
wkh djhqgd vhwwhu1 Vlqfh }a uhihuv wr wkh vwdwxv txr li wkh qhz ohjlvodwlrq lv yrwhg
grzq/ wklv vxjjhvw wkdw zh vkrxog revhuyh pruh dv|pphwulf ehqhwv iru fhuwdlq
w|shv ri jryhuqphqw surjudpv1 Vshflfdoo|/ lqiudvwuxfwxuh surmhfwvzkhuh wkh
qdwxudo vwdwxv txr lv qr surmhfwvvkrxog eh pruh dv|pphwulfdoo| glvwulexwhg
dfurvv jurxsv wkdq hqwlwohphqw surjudpvzkhuh wkh qdwxudo vwdwxv txr lv wkh
h{lvwlqj srolf| +dqg zkhuh ehqhfldulhv duh suredeo| dovr pruh hyhqo| glvwulexwhg
dfurvv yrwlqj glvwulfwv,1
+8, Ilqdoo|/ zkhwkhu wkh prgho suhglfwv djjuhjdwh ryhuvshqglqj ru qrw/ ghshqgv
rq sdudphwhuv dqg rq wkh frqfdylw| ri ME/ dqg wkhuh lv qr suhvxpswlrq wkdw wkh
eldv jrhv hlwkhu zd|173 Exw wklv prgho frqwdlqv wzr xvhixo ohvvrqv iru wkh ghvljq
73Wkh  dwwhu lv Kj> wkh pruh olnho| lv ryhu0vshqglqj1 Frqvlghu wkh vshfldo fdvh/ zkhq M @6 >
vxfk wkdw wkh pdmrulw| P frqvlvwv ri d vlqjoh ohjlvodwru p= Ixuwkhupruh dvvxph wkdw jM @3
98ri exgjhwdu| surfhgxuhv1 Iluvw/ djjuhjdwh vshqglqj lv pruh olnho| wr eh orz/ wkh
vpdoohu duh wkh ghidxow rxwfrphv lq }1 Li wkh vwdwxv txr hqwdlov olwwoh vshqglqj/
dv zlwk }hur0edvh exgjhwlqj/ wkh vwurqj djhqgd0vhwwlqj srzhuv ri rqh ohjlvodwru
glvflsolqh doo wkh rwkhuv1 Vhfrqg/ vxssrvh wkdw glhuhqw ohjlvodwruv glhu lq wkhlu
ydoxdwlrq ri sxeolf yv1 sulydwh vshqglqj/ dqg wkdw djhqgd0vhwwlqj srzhu lv jlyhq wr
d ohjlvodwru zkr vshqgv olwwoh iru klv frqvwlwxhqf| ruwklqnlqj ri edujdlqlqj zlwklq
jryhuqphqwwr d plqlvwhu zlwkrxw sruwirolr/ vxfk dv wkh qdqfh ru Wuhdvxu|
plqlvwhu1 Wkhq/ wkh djhqgd vhwwhu grhv qrw h{sdqg klv suhihuuhg sxeolf jrrg/ dqg
frqfhqwudwlrq ri sursrvdo srzhu gholyhuv vpdoo djjuhjdwh vshqglqj1
Wkh srolwlfdo vflhqfh olwhudwxuh kdv glvfxvvhg rwkhu uhdvrqv iru frqihuulqj vwurqj
djhqgd0vhwwlqj srzhuv rq vrph ohjlvodwruv/ ehvlghv frqwuro ri djjuhjdwh vshqglqj1
Doo ohjlvodwxuhv qhfhvvdulo| glvsod| vrph glylvlrq ri oderu dfurvv lvvxhv/ gxh wr wkh
qhhg wr vsolw wkh zrun ordg/ dv zhoo dv wkh ydu|lqj edfnjurxqg ri ohjlvodwruv1 Jly0
lqj frqwuro ryhu fhuwdlq lvvxhv wr vrph lqglylgxdov surylghv lqfhqwlyhv wr lqyhvw
lq lvvxh0vshflf frpshwhqfh dqg lqirupdwlrq jdwkhulqj1 Lq wkh XV frqjuhvv/ iru
lqvwdqfh/ wklv vshfldol}dwlrq dqg frqwuro lv pdqlihvwhg lq srzhuixo vwdqglqj frp0
plwwhhv zlwk frqvlghudeoh djhqgd0vhwwlqj srzhuv ryhu wkh lvvxhv xqghu wkhlu mxulv0
glfwlrq174 Vwdqglqj frpplwwhhv duh dovr irxqg lq sduoldphqwdu| v|vwhpv/ dowkrxjk
lq vxfk v|vwhpv wkh plqlvwulhv kdyh pdq| ri wkh fruuhvsrqglqj djhqgd0vhwwlqj
wdvnv1 Wkh prgho wkxv fdswxuhv vrphwklqj lpsruwdqw= uhdo0zruog ohjlvodwxuhv duh
rujdql}hg lq d zd| wkdw pdnhv vrph uhsuhvhqwdwlyhv pruh srzhuixo wkdq rwkhuv
ryhu fhuwdlq lvvxhv/ d srzhu zklfk lq xhqfhv wkh doorfdwlrq ri vshqglqj1
;161 H{whqvlrqv
Srzhu dvvrfldwhg zlwk sursrvdo uljkwv lv/ krzhyhu/ prglhg dqg gloxwhg lq vhyhudo
zd|v e| wkh surfhgxuhv dgrswhg lq uhdo0zruog ohjlvodwxuhv1 Rqh phfkdqlvp lv wkh
dphqgphqw uljkw ri rwkhu ohjlvodwruv/ dqrwkhu lv vhsdudwlrq ri sursrvdo srzhuv=
glhuhqw ohjlvodwruv kdyh djhqgd0vhwwlqj uljkwv ryhu glhuhqw srolf| glphqvlrqv1
Zh eulh | glvfxvv wkhvh lq wxuq1
dqg K+jM,@￿ ^oq+jM,‘= Zh wkhq jhw jd @6 ￿￿h> jp @ h> dqg wkxv J @6 ￿@J ￿=Wkxv wkh
doorfdwlrq ri vshqglqj lv glvwruwhg zlwk jd Aj p >li ￿A5 h
6 dqg jp Aj ￿ >li ￿?h+zkhuh h
lv wkh edvh ri wkh qdwxudo orjdulwkp,1 Exw wkh djjuhjdwh ohyho ri vshqglqj frlqflghv zlwk wkh
xwlolwduldq rswlpxp1
74Dq lqirupdwlrqdo ylhz rq ohjlvodwlyh rujdql}dwlrq/ lqfoxglqj wkh udwlrqdoh iru yhvwlqj djhqgd0
vhwwlqj srzhuv zlwk ohjlvodwruv dqg frpplwwhhv/ kdv ehhq hpskdvl}hg e| vrph srolwlfdo vflhqwlvwv>
zklfk lv zhoo h{srvhg lq Nuhkelho +4<<4,1
99Dphqgphqw uljkwv Lqvwhdg ri wkh forvhg uxoh dqdo|}hg hduolhu/ dvvxph qrz
dq rshq uxoh/ dffruglqj wr zklfk wkh lqlwldo sursrvdo fdq eh dphqghg e| vrph
rwkhu ohjlvodwru1 Lw lv frpprq sudfwlfh wr slwfk dq rhuhg dphqgphqw djdlqvw wkh
lqlwldo sursrvdo lq d yrwh/ dqg wkhq wr hlwkhu doorz d qhz urxqg ri dphqgphqwv
wr wkh zlqqlqj sursrvdo/ ru hovh slwfk wkh zlqqlqj sursrvdo djdlqvw d ghidxow
srolf|1 Lqfoxglqj vxfk dphqgphqw uljkwv lq wkh prgho deryh glplqlvkhv wkh jdlqv
wkdw @ frxog h{shfw iurp htxloleulxp srolf|1 Dv wkh dphqgphqw uljkw doorzv wkh
dphqghu wr wlow wkh sursrvdo lq khu rzq idyru/ doehlw dw wkh frvw ri ohjlvodwlyh ghod|/
dq| lqlwldo sursrvdo pxvw pdnh d pdmrulw| ri wkh ohjlvodwruv ehwwhu r/ qrw rqo|
uhodwlyh wr wkh ghidxow rxwfrph exw dovr uhodwlyh wr wkhlu frqwlqxdwlrq ydoxh iurp
ixuwkhu edujdlqlqj1 Edurq dqg Ihuhmrkq +4<;<, dqg Edurq +4<<6, ghprqvwudwh
wkdw htxloleulxp srolf| jhqhudoo| hqwdlov pruh htxdoo| glvwulexwhg ehqhwv xqghu
rshq uxoh wkdq xqghu forvhg uxoh1 Dowkrxjk wkh suhflvh uhvxowv ghshqg rq wkh
ghwdlov ri wkh dphqgphqw surfhgxuh/ htxloleuld pd|/ lq vrph fdvhv/ frph forvh
wr lpsohphqwlqj wkh h!flhqw vroxwlrq1 Wkhvh prghov kdyh dq lqqlwh krul}rq/
krzhyhu/ dqg wr vlpsoli|/ wkh vl}h ri jryhuqphqw lv h{rjhqrxvo| jlyhq1 Dv idu dv
zh nqrz/ qr wkhruhwlfdo uhvxow h{lvwv rq krz dphqgphqw uljkwv vkdsh djjuhjdwh
vshqglqj1
D uhodwhg prgho lv gxh wr Orfnzrrg +4<<;,/ zkr dgdswv suhylrxv uhvxowv e|
PfNhoyh| +4<;9, dqg Ihuhmrkq/ Ilrulqd dqg PfNhoyh| +4<;:, wr d vhwwlqj vlplodu
wr rxuv1 Wkh ohjlvodwxuh pxvw fkrrvh krz pdq| surmhfwv ri d jlyhq vl}h wr dfwlydwh1
Glhuhqw surmhfwv ehqhw glhuhqw ohjlvodwruv/ dqg fdq kdyh h{whuqdolwlhv rq rwkhu
glvwulfwv1 Ilqdqflqj lv vkduhg dprqj doo glvwulfwv1 Ohjlvodwlyh uxohv duh dv iroorzv1
Iluvw/ hdfk ohjlvodwru pdnhv d sursrvdo1 Wkhvh sursrvdov duh wkhq udqgrpo| ru0
ghuhg lqwr dq djhqgd/ dqg duh yrwhg rq vhtxhqwldoo|1 Ilqdoo|/ wkh zlqqlqj sursrvdo
lv yrwhg djdlqvw wkh vwdwxv txr1 Wklv surfhgxuh lqvxuhv wkdw dq htxloleulxp h{lvwv
dqg lv xqltxh/ hyhq li wkhuh lv qr Frqgrufhw zlqqhu1 Li h{whuqdolwlhv duh zhdn ru
qhjdwlyh/ rqo| d eduh pdmrulw| ri wkh surmhfwv duh ixqghg> wkhvh duh wkh surmhfwv
zlwk wkh orzhvw frvw1 Li h{whuqdolwlhv duh vwurqjo| srvlwlyh/ rq wkh rwkhu kdqg/ d
odujhu qxpehu ri surmhfwv lv ixqghg1 Pruhryhu/ zklfk surmhfwv duh ixqghg uh hfwv
wkh frvwv dqg wkh h{whuqdolwlhv/ exw qrw wkh lqwhqvlw| ri suhihuhqfhv ri lqglylgxdo
ohjlvodwruv zlwk uhjdug wr wkhlu idyrulwh surmhfwv1 Wkxv/ wklv surfhgxuh grhv qrw
jxdudqwhh dq hjdolwduldq rxwfrph/ exw lw uhgxfhv wkh lpsruwdqfh ri sduwlfxodulvwlf
srolwlfdo suhihuhqfhv1
Vhsdudwlrq ri exgjhwdu| srzhuv Pdq| h{lvwlqj ohjlvodwxuhv vsolw wkh exg0
jhwdu| surfhgxuhv lqwr wzr vwdjhv= uvw/ djjuhjdwh vshqglqj lv ghwhuplqhg/ wr eh
9:iroorzhg e| doorfdwlyh ghflvlrqv1 Lw lv riwhq dujxhg wkdw wklv wzr0vwdjh exgjhwlqj
lqvxodwhv wkh ghflvlrq rq djjuhjdwh vshqglqj iurp wkh vshfldo lqwhuhvw srolwlfv wkdw
glvuxswv lqfhqwlyhv/ dqg wkdw wklv ohdgv wr ehwwhu djjuhjdwh ghflvlrqv175 Zh qrz
lqyhvwljdwh zkhwkhu wklv lv wuxh lq rxu vlpsoh prgho1
Iru vlpsolflw|/ dvvxph wkdw M ' cdqg wkdw doo jurxsv duh ri htxdo vl}h=
a ' ￿
￿  Vxssrvh wkdw wkh exgjhwdu| surfhgxuh lqyroyhv wzr vwdjhv1 Lq wkh
uvw vwdjh wkh ohjlvodwxuh ghflghv rq ryhudoo vshqglqj Cc ruhtxlydohqwo|rq wkh
frpprq wd{ udwh  ' C
￿1 Wklv ghflvlrq lv wdnhq e| d vlqjoh pdmrulw| xqghu d forvhg
uxoh/ diwhu d sursrvdo e| djhqgd0vhwwlqj ohjlvodwru @￿ D ghihdwhg sursrvdo uhvxowv
lq ghidxow djjuhjdwh vshqglqj/ C Lq wkh vhfrqg vwdjh/ d glhuhqw djhqgd0vhwwhu/
@} 9' @￿/ pdnhv dq doorfdwlrq sursrvdo/ vxemhfw wr
S
a }a ' Cc zlwk C jlyhq iurp
wkh uvw vwdjh1 Li wklv sursrvdo lv ghihdwhg/ wkh uvw0vwdjh exgjhw lv vsolw dffruglqj
wr d vlpsoh vkdulqj uxoh }a ' ￿
￿Cc zkhuh wkh dvvxpswlrq ri htxdo vkdulqj lv pdgh
iru vlpsolflw|1 Wkh vwdwxv txr iru djjuhjdwh vshqglqj lq wkh vhfrqg vwdjh lv wkh
htxloleulxp rxwfrph iurp wkh uvw vwdjh1
Wkh vhfrqg0vwdjh htxloleulxp lv vlpsoh1 Wr jhw wkh qhfhvvdu| pdmrulw|/ djhqgd0
vhwwhu @} pxvw sursrvh wr vshqg hqrxjk lq rqh ri wkh rwkhu glvwulfwv/ vd| 6}c wr mxvw
h{fhhg wkh vwdwxv0txr rxwfrph= }6} ' ￿
￿C Vkh vshqgv qrwklqj lq wkh plqrulw|
glvwulfw/ ?}c dqg doorfdwhv wkh uhpdlqlqj exgjhw wr khu rzq glvwulfw= }@} ' 2
￿C
Dv wkh wrwdo exgjhw dqg wkh wd{ udwh duh douhdg| {hg/ wd{hv gr qrw hqwhu wkh
doorfdwlrq ghflvlrq1 Wkh doorfdwlrq glvwruwlrq uhpdlqv/ exw zh duh qrz prvwo|
lqwhuhvwhg lq wkh ohyho ri vshqglqj1
Wkh uvw0vwdjh rxwfrph ghshqgv rq zkr pdnhv wkh sursrvdo dqg zkhwkhu wkh
frpsrvlwlrq ri wkh vhfrqg0vwdjh pdmrulw| lv nqrzq1 Vxssrvh uvw wkdw wkh uvw0
vwdjh sursrvdo lv pdgh e| d phpehu ri wkh ixwxuh pdmrulw|/ dqg wkdw khu lghqwlw|
lv nqrzq1 Wkxv zh kdyh= @￿ ' 6} 9' @}1 Wkh rswlpdo ohyho ri C iru wkh uvw0vwdjh








Wkxv C6} frlqflghv zlwk rxu ehqfkpdun rswlpxp CW Wkh lqwxlwlrq lv vlpsoh= dw
wkh uvw vwdjh/ 6} lqwhuqdol}hv wkh ixoo ehqhwv wr khu rzq glvwulfw ri djjuhjdwh
vshqglqj/ dqg wkhvh duh htxdo wr d wklug ri wkh vrfldo ehqhwv1 Dv vkh dovr lqwhu0
qdol}hv d wklug ri wkh vrfldo frvwv +khu glvwulfw*v vkduh ri wkh wd{ eloo,/ vkh idfhv
wkh uljkw pdujlqdo lqfhqwlyhv zkhq lw frphv wr djjuhjdwh vshqglqj176 Li wkh ixwxuh
75Vhh/ iru lqvwdqfh/ Yrq Kdjhq +4<<;,1
76Qdwxudoo|/ wkh doorfdwlyh glvwruwlrq uhpdlqv/ dqg wkxv qrwklqj lqvxuhv wkdw J￿ lv vwloo rswlpdo/
jlyhq wkdw doorfdwlyh glvwruwlrq1
9;pdmrulw| frpsrvlwlrq lv lqghhg nqrzq/ CW dozd|v froohfwv d pdmrulw| djdlqvw C1
Lqwhuhvwlqjo|/ li CW : Cc @} vxssruwv wklv ehfdxvh vkh zdqwv dv kljk d uhyhqxh dv
srvvleoh wr doorfdwh dw wkh vhfrqg vwdjh1 D vwdeoh pdmrulw| wkxv vxjjhvwv wkh wzr
sduwv ri wkh exgjhw1 Li lqvwhdg wkh vwdwxv txr lqyroyhv djjuhjdwh ryhuvshqglqj
CW 	 Cc @￿ lqvwhdg jhwv vxssruw ri ?}/ wkh plqrulw| ohjlvodwru dw wkh qh{w vwdjh/
zkr kdv dq reylrxv lqfhqwlyh wr nhhs djjuhjdwh vshqglqj dqg wd{hv grzq1
Lq sduoldphqwdu| v|vwhpv/ wkhuh lv lqghhg d suhvxpswlrq wkdw pdmrulwlhv duh
suhglfwdeoh> zklfk lv glvfxvvhg lq pruh ghwdlo lq Sduw LLL1 Exw zlwkrxw ixuwkhu
lqvwlwxwlrqdo ghwdlo/ qrwklqj slqv grzq wkh prgho slqv grzq wkh vhfrqg0vwdjh
pdmrulw|1Wkhuhiruh/ frqvlghu dq dowhuqdwlyh fdvh/ zkhuh @￿ 9' @}c exw @￿ lv rqo|
sduw ri wkh ixwxuh pdmrulw| zlwk 83( suredelolw|1 Lq wklv fdvh/ wkh rswlpdo ohyho








Fohduo|/ C? 	C 6 } 'C W Zkhq wkh uvw0vwdjh sursrvhu lv qrw fhuwdlq ri ehlqj
d uhvlgxdo fodlpdqw rq wkh vhfrqg0vwdjh exgjhw/ vkh kdv d vwurqjhu lqwhuhvw lq
nhhslqj grzq wkh vl}h ri wkh exgjhw1 D vlplodu srlqw lv uhshdwhgo| hqfrxqwhuhg
lq Sduw LLL/ zkhuh zh ghdo dw ohqjwk zlwk lqvwlwxwlrqdo ghvljq txhvwlrqv1 Wkh
ghvludelolw| ri vxfk vhsdudwlrq ri srzhuv lq wkh srolwlfdo v|vwhp lv shukdsv qrw
reylrxv lq wkh suhvhqw vhwwlqj1 Exw vhsdudwlrq ri srzhuv fdq xqdpeljxrxvo| sod|
wr wkh yrwhuv* dgydqwdjh/ rqfh zh lqwurgxfh djhqf| sureohpv1
Zh frqfoxgh wklv vhfwlrq zlwk d jhqhudo uhpdun1 Prvw ri wkh zrun lq wkh
ohjlvodwlyh edujdlqlqj olwhudwxuh lv txlwh sduwldo lq wkdw lw wdnhv wkh suhihuhqfhv ri
wkh ohjlvodwxuh dv jlyhq1 Zkhuh gr wkh rxwfrph0rulhqwhg suhihuhqfhv ri ohjlvodwruv
frph iurpB Ohjlvodwruv* ehkdylru pd| dovr eh lq xhqfhg e| rwkhu prwlyhv/ vxfk
dv d ghvluh wr udlvh ixqgv/ wr jhw uh0hohfwhg/ ru wr xvh srolwlfdo srzhu iru wkhlu rzq
sulydwh djhqgd fuhdwlqj dq djhqf| sureohp ylv0d0ylv wkh yrwhuv1 Li oreelhv dqg yrw0
huv xqghuvwdqg wkhvh prwlyhv dqg krz wkh ohjlvodwlyh surfhvv zrunv/ zrxog wkh|
qrw dgdsw wkhlu ehkdylru wr lq xhqfh wkh srolf| rxwfrphB Wr dqvzhu txhvwlrqv ri
wklv nlqg/ zh pxvw reylrxvo| ohdyh sduwldo prghov ehklqg dqg vwxg| lqwhudfwlrqv
ehwzhhq glhuhqw dvshfwv lq wkh srolwlfdo surfhvv1 Vhfwlrq 44 jlyhv glhuhqw h{dp0
sohv ri vxfk lqwhudfwlrqv/ zkhuhdv Sduw LLL ghdov zlwk djhqf| sureohpv1 Exw uvw/
zh wxuq wr wkh sduwldo prghov ri oree|lqj dqg yrwlqj1
;171 Qrwhv rq wkh olwhudwxuh
Wkh irupdo olwhudwxuh rq h{whqvlyh irup jdphv ri froohfwlyh fkrlfh gdwhv edfn wr wkh
slrqhhulqj zrun ri Vkhsvoh +4<:<, rq vwuxfwxuh lqgxfhg htxloleuld dqg Urphu
9<dqg Urvhqwkdo +4<:<, rq djhqgd vhwwlqj srzhuv1 Prghov ri ohjlvodwlyh edujdlqlqj
zhuh uvw irupxodwhg e| Edurq dqg Ihuhmrkq +4<;<, lq dq lqqlwh krul}rq fdnh
vsolwwlqj sureohp/ dqg dssolhg wr wkh surylvlrq ri orfdo sxeolf jrrgv e| Edurq
+4<<4, dqg +4<<6,1 D glhuhqw h{whqvlyh irup jdph/ doorzlqj iru dphqgphqwv
lq d sduwlfxodu zd|/ zdv vwxglhg e| PfNhoyh| +4<;9, dqg Ihuhmrkq/ Ilrulqd dqg
Pfnhoyh| +4<;:,> lwv dssolfdwlrqv wr sxeolf qdqfh duh |hw wr eh h{soruhg> wkh rqo|
sdshu vr idu lv d uhfhqw rqh e| Orfnzrrg +4<<;,1
Vhtxhqwldo exgjhwlqj kdv ehhq vwxglhg lq glhuhqw vhwwlqjv1 Yrq Kdjhq +4<<;,
glvfxvvhv lw lq d pruh frpsuhkhqvlyh dqdo|vlv ri exgjhwdu| surfhgxuhv1 Shuvvrq/
Urodqg dqg Wdehoolql +4<<:, glvfxvv wkh ehqhwv ri wzr0vwdjh exgjhwlqj frxsohg
zlwk vwurqj djhqgd0vhwwlqj srzhuv lq d prgho ri djhqf|1 Wkhlu srlqw lv ghdow zlwk
djdlq lq Sduw LLL1 Ihuhmrkq dqg Nuhkelho +4<;:, dqdo|}h d phgldq yrwhu prgho zlwk
vhtxhqwldo yrwlqj lq glhuhqw glphqvlrqv/ dqg dujxh wkdw wzr0vwdjh exgjhwlqj pd|
idlo wr gholyhu wkh doohjhg ehqhwv> exw wkhlu vhw0xs grhv qrw hqwdlo d frpprq srro
sureohp1
Ilqdoo|/ d odujh hpslulfdo olwhudwxuh frpsduhv dowhuqdwlyh exgjhwdu| lqvwlwx0
wlrqv dfurvv srolwlfdo v|vwhpv1 Lw kdv ghdow zlwk Hxurshdq frxqwulhv +yrq Kdjhq
+4<<5,/ yrq Kdjhq dqg Kdughq +4<<7,,/ Odwlq Dphulfd +Dohvlqd hw do1 +4<<9,/
Lqwhu0Dphulfdq Ghyhorsphqw Edqn +4<<:,,/ dqg wkh XV vwdwhv +Dohvlqd dqg Ed|0
rxpl +4<<9,/ Srwhued +4<<7,/ Erkq dqg Lqpdq +4<<9,,1 Wklv olwhudwxuh lqglfdwhv
wkdw vshflf surfhgxuhv duh dvvrfldwhg zlwk vpdoohu exgjhw ghflwv1 Wkh fruuhod0
wlrq zlwk wkh vl}h ru frpsrvlwlrq ri vshqglqj kdv qrw ehhq pxfk glvfxvvhg1
<1 Oree|lqj
Rxu qh{w prgho ri srolf|pdnlqj irfxvhv rq wkh lq xhqfh ru oree|lqj dfwlylwlhv
ri lqwhuhvw jurxsv1 Srolf| ghflvlrqv duh khuh dvvxphg wr eh fhqwudol}hg lq wkh
kdqgv ri d vhpl0ehqhyrohqw jryhuqphqw1 Exw wkh jryhuqphqw fdq eh lq xhqfhg e|
rujdql}hg lqwhuhvw jurxsv1 Krz grhv wklv lq xhqfh dfwlylw| prgli| wkh doorfdwlrq
dqg ohyho ri jryhuqphqw vshqglqjB Zklfk jurxsv duh olnho| wr eh idyruhgB Uhfhqw
udwlrqdo0fkrlfh rulhqwhg dqdo|vhv kdyh irfxvhg hlwkhu rq wkh lqfhqwlyhv iru oreelhv
wr jdwkhu lqirupdwlrq dqg surylgh lw wr wkh srolf|pdnhuv/ ru hovh rq wkhlu lq xhqfh0
vhhnlqj dfwlylwlhv1 Lq wkh odwwhu wudglwlrq/ Jurvvpdq dqg Khospdq +4<<7/ 4<<8,
dqg vhyhudo rwkhuv kdyh dgdswhg wkh frpprq0djhqf| prgho ri Ehuqkhlp dqg
Zklqvwrq +4<;9, wr vrphwklqj ri d zrun0kruvh prgho ri oree|lqj/ zklfk kdv ehhq
xvhg iru vwxg|lqj wudgh srolf|/ frpprglw| wd{dwlrq dqg rwkhu srolflhv1 Khuh/
zh iroorz Shuvvrq +4<<;, lq dsso|lqj wkh frpprq djhqf| prgho wr wkh vwxg| ri
:3jurxs0vshflf jryhuqphqw vshqglqj177
<141 D vlpsoh oree|lqj prgho
Dv Rovrq +4<98, qrwhg d orqj wlph djr/ lq xhqfh dfwlylwlhv hqwdlo d iuhh0ulghu sure0
ohp= doo phpehuv ri d jurxs ehqhw/ luuhvshfwlyh ri zkhwkhu ru qrw wkh| frqwulexwh
wr wkh oree|lqj1 Vrph jurxsv duh vxffhvvixo lq ryhufrplqj wklv iuhh ulghu sureohp/
rwkhuv duh qrw1 Zh iroorz wkh olwhudwxuh e| qrw prghoolqj krz wklv wdnh sodfh/ dqg
mxvw dvvxph wkdw d vxevhw O ri jurxsv duh rujdql}hg wr lq xhqfh sxeolf0jrrgv
doorfdwlrq lq wkhlu idyru1 Wkxv/ zh vwxg| d srolf| jdph zlwk wzr vwdjhv1 +l, Hdfk
oree| M qrq0frrshudwlyho| dqg vlpxowdqhrxvo| suhvhqwv wkhlu frpprq djhqw/ wkh
jryhuqphqw/ zlwk d shu fdslwd frqwulexwlrq vfkhgxoh aE}c jlylqj d elqglqj
surplvh ri sd|phqw/ frqglwlrqdo rq wkh fkrvhq srolf|1 Wkh remhfwlyh ri wkh oree|
lv wr pd{lpl}h wkh qhw zhoiduh ri lwv phpehuv/ qdpho| aE`aE}aE}c zkhuh
` aE} ghqrwhv wkh zhoiduh iurp wkh hfrqrplf srolflhv/ dv ghqhg lq +:16,1 +ll,













zkhuh #c f  #  c lv d phdvxuh ri wkh jryhuqphqw*v ehqhyrohqfh1
Dq htxloleulxp ri wkh jdph lv d Vxejdph shuihfw Qdvk htxloleulxp lq wkh
frqwulexwlrq vfkhgxohv dqg wkh fkrvhq srolf| yhfwru1 Iroorzlqj wkh olwhudwxuh/ zh






zkhuh Ka lv d frqvwdqw vhw rswlpdoo| e| wkh oree|178
77Shuvvrq dqg Wdehoolql +4<<7f, vwxg| orfdo sxeolf jrrgv surylvlrq lq d frpprq djhqf| prgho/
exw lpsrvh xqdsshdolqj uhvwulfwlrqv rq wkh vwudwhjlhv xvhg e| lqwhuhvw jurxsv1




CjL iru dq| L dqg
hyhu|zkhuh1 Wkdw lv/ wkh vorsh ri wkh frqwulexwlrq vfkhgxoh lq dq| gluhfwlrq lv htxdo wr wkh
wuxh pdujlqdo ehqh￿w ri wkh srolf| lq wkdw gluhfwlrq iru oree| M1 Vhh Jurvvpdq dqg Khospdq
+4<<7, dqg Gl{lw/ Jurvvpdq dqg Khospdq +4<<:, iru ixuwkhu ghwdlov dqg iru d glvfxvvlrq ri wkh
uhvwulfwlrq wr wuxwkixo vwudwhjlhv lq frpprq djhqf| jdphv1
:4<151 Srolwlfdo htxloleulxp
Wr ghulyh dq htxloleulxp lq wuxwkixo vwudwhjlhv/ lwv surshuw| ri ehlqj mrlqwo| Sduhwr
rswlpdo iru wkh jryhuqphqw dqg doo oreelhv fdq eh h{sorlwhg1 Wkh htxloleulxp yhf0
wru } zloo wkhuhiruh pd{lpl}h wkh vxp ri wkh qhw zhoiduh ri wkh rujdql}hg oreelhv S
aMn aE`aE}  aE} dqg wkh jryhuqphqw remhfwlyh `E}c frpsrqhqw e|
frpsrqhqw1 Xvlqj wkh ghqlwlrqv deryh/ lw lv wkxv dv li wkh rswlpdo srolf| pd{l0












zkhuh djjuhjdwh zhoiduh iru wkh qrq0rujdql}hg jurxsv lv ghqhg lq wkh vdph zd|
dv lq +:16,1 Lq rwkhu zrugv/ wkh htxloleulxp frlqflghv zlwk wkh vroxwlrq wr d
sodqqlqj sureohp/ zkhuh wkh qrq0rujdql}hg jurxsv duh xqghuzhljkwhg uhodwlyh wr
wkh rujdql}hg jurxsv/ wr dq h{whqw wkdw ghshqgv rq wkh jryhuqphqw*v ehqhyrohqfh1
Wkh uvw0rughu frqglwlrqv wr +<16,/ ghqlqj wkh htxloleulxp doorfdwlrq/ ghqrwhg
zlwk dq u vxshuvfulsw/ fdq eh uh0zulwwhq dv=
M}E}
acu  'E   b n E  #  fca 5O +<17,
M}E}





￿ lv wkh vkduh ri wkh srsxodwlrq rujdql}hg lq d oree|1 Wkh
ohiw0kdqg vlgh ri +<17, lv wkh h{suhvvlrq ghqlqj wkh xwlolwduldq rswlpxp/ vr wkh
uljkw0kdqg vlgh phdvxuhv wkh ghyldwlrq iurp wkh rswlpxp ehqfkpdun1 Vhyhudo
uhvxowv duh dssduhqw1
+4, Dv lv hylghqw iurp +<17,/ wkh htxloleulxp fdq eh vrfldoo| rswlpdo= }u ' }W1
Xqvxusulvlqjo|/ wklv kdsshqv zkhq # ' cvr wkdw wkh jryhuqphqw lv frpsohwho|
ehqhyrohqw dqg grhv qrw ydoxh frqwulexwlrqv dw doo/ ru zkhq bn 'f czlwk qr
frqwulexwlqj jurxsv wr zruu| derxw1 Exw lw dovr kdsshqv zkhq bn ' czkhq
hyhu|rqh ehorqjv wr d oree| Vwdwhg rwkhuzlvh/ vxerswlpdo srolflhv duh rqo| hq0
dfwhg gxh wr lqfrpsohwh sduwlflsdwlrq lq oree|lqj1 Wkh uhdvrq lv wkdw hdfk jurxs
kdv d vwurqj lqfhqwlyh wr oree|/ qrw rqo| iru odujh }ac iru lwvhoi/ exw dovr iru orz
surylvlrq wr rwkhu jurxsv/ wr sd| orzhu wd{hv1 Zkhq doo jurxsv duh rujdql}hg/
wkh| rvhw hdfk rwkhu*v lq xhqfh1 Vlqfh wkh| uhyhdo wkhlu pdujlqdo suhihuhqfhv wr
wkh jryhuqphqw e| wkhlu wuxwkixo frqwulexwlrqv/ wkh wuxh pdujlqdo vrfldo frvw lv
fruuhfwo| lqwhuqdol}hg lq wkh srolf| ghflvlrq1
:5+5, Jhqhudoo|/ krzhyhu/ sxeolf frqvxpswlrq lv plvdoorfdwhg= rujdql}hg jurxsv
jhw pruh dqg xqrujdql}hg jurxsv ohvv wkdq wkh rswlpdo dprxqw1 Lqwxlwlyho|/ ryhu0
s u r y l v l r qw rw k hr u j d q l } h go r e e | l q jj u r x s vl vo d u j h ul iw k hj r y h u q p h q wy d o x h vf r q 0
wulexwlrqv pruh +# lv vpdoohu, dqg khqfh sd|v pruh dwwhqwlrq wr wkh suhihuhqfhv
h{suhvvhg e| wkh oreelhv1 Li # $ fc wkh jryhuqphqw rqo| fduhv derxw frqwulexwlrqv/
dqg surylvlrq wr wkh xqrujdql}hg jurxsv dovr jrhv wr }hur1 Wkh ryhusurylvlrq lv
dovr odujhu/ wkh orzhu lv wkh vkduh ri wkh rujdql}hg jurxsv +wkh orzhu lv bn,/ dv wkh
oreelhvdqg lqgluhfwo| wkh jryhuqphqwwkhq lqwhuqdol}h d vpdoohu vkduh ri wkh
vrfldo pdujlqdo frvwv1 Qrwh/ krzhyhu/ wkdw rqo| wkh frpelqhg vl}h ri wkh rujdql}hg
oreelhv lq xhqfhv wkh rxwfrph> odujh dqg vpdoo rujdql}hg jurxsv rewdlq dv pxfk
vxssruw shu fdslwd1 Fohduo|/ rxu lpsolflw dvvxpswlrq wkdw doo phpehuv ri hdfk
jurxs ehorqj wr wkh oree| lv gulylqj wklv uhvxow1
+6, Wkhuh lv qr suhvxpswlrq ri djjuhjdwh ryhusurylvlrq1 Zkloh wkhuh lv fhu0
wdlqo| ryhusurylvlrq wr wkh rujdql}hg jurxsv/ wkhuh lv xqghu0surylvlrq wr wkh qrq0
rujdql}hg rqhv1 Qrw rqo| gr wkh suhihuhqfhv ri wkh qrq0rujdql}hg uhfhlyh d vpdoohu
zhljkw lq wkh srolf| ghflvlrq/ exw wkh wd{ exughq ri surylvlrq wr qrq0rujdql}hg
jurxsv lv lqwhuqdol}hg e| rujdql}hg jurxsv/ zklfk frppxqlfdwh wklv wr wkh jry0
huqphqw1 Lq d ulfkhu prgho/ zlwk lqglylgxdo khwhurjhqhlw| ryhu wkh suhihuhqfhv
iru sulydwh yhuvxv sxeolf frqvxpswlrq/ lw lv sodxvleoh wkdw oreelhv zrxog frqvlvw
ri lqglylgxdov zlwk d kljk suhihuhqfh iru wkh sxeolf jrrg1 Wkh uhdvrq lv wkdw wkh|
kdyh d kljkhu vwdnh rq wkh srolf| rxwfrph/ dqg/ khqfh/ duh pruh olnho| wr ryhu0
frph wkh iuhh ulghu sureohp ri jhwwlqj rujdql}hg1 Wkh lqwxlwlrq zk| frqvxphuv
duh xqghu0uhsuhvhqwhg lq oree|lqj lv idploldu iurp jdphv ryhu wudgh srolf|1 Lq wklv
hyhqw/ lw lv hdv| wr vkrz wkdw oree|lqj uhvxowv lq djjuhjdwh ryhuvshqglqj frpsduhg
wr wkh qrupdwlyh ehqfkpdun1
Ilqdoo|/ wklv prgho fdq hdvlo| eh dgdswhg wr dovr lqfoxgh wkh fkrlfh ryhu d
joredo sxeolf jrrg/ zklfk ehqhwv doo jurxsv lq wkh vdph zd|1 Lq wklv fdvh/ lw
hdvlo| vkrzq wkdw wkh surylvlrq ri wklv sxeolf jrrg lv qrw glvwruwhg e| oree|lqj1
Lqwxlwlyho|/ oree|lqj lqgxfhv wkh jryhuqphqw wr xqghuzhljk wkh zhoiduh ri xq0
rujdql}hg lqglylgxdov1 Exw wkhvh lqglylgxdov duh dhfwhg e| wkh qdwlrqdo sxeolf
jrrg mxvw olnh dq|rqh hovh/ erwk dv wd{ sd|huv dqg dv ehqhfldulhv1 Zlwk hqrxjk
v|pphwu|/ qhjohfwlqj wkhlu zhoiduh grhv qrw glvwruw wkh srolf| fkrlfh1 Wkh jhqhudo
ohvvrq lv wkdw oree|lqj glvwruwv srolf|/ zklfk kdv d glhuhqw lpsdfw rq glhuhqw
jurxsv/ dv lq rxu fdvh ri orfdo sxeolf jrrgv1
Wkh frpprq djhqf| prgho ri oree|lqj djjuhjdwhv wkh lq xhqfh dfwlylwlhv ri
pdq| lqwhuhvw jurxsv lqwr d srolf| ghflvlrq/ lq dq hohjdqw dqg vlpsoh zd|1 Lw dovr
vkhgv oljkw rq krz wkh sdwwhuq ri rujdql}dwlrq dfurvv jurxsv vkdshv wkh srolf|
:6rxwfrph1 Exw wkh prgho ohdyhv vrph fuxfldo lvvxhv dvlgh1 Rq wkh rqh kdqg/ rqh
odfnv d suhflvh prgho ri wkh surfhvv zkhuhe| jurxsv jhw srolwlfdoo| rujdql}hg dqg
rwkhuv qrw1 Wklv lv d gl!fxow txhvwlrq/ wr zklfk wkhuh lv vwloo qr vdwlvidfwru|
dqvzhu1 Wkh dv|pphwulhv gulylqj wkh plvdoorfdwlrq ri sxeolf jrrgv pxvw wkxv eh
dvvxphg/ ru ghihqghg rq hpslulfdo jurxqgv/ udwkhu wkdq h{sodlqhg1 Rq wkh rwkhu
kdqg/ wkh jryhuqphqw dqg wkh surfhvv ri srolf| fkrlfh lv vwloo d eodfn er{1 Li
wkh oree|lqj prgho fdswxuhv zkdw jrhv rq ehwzhhq hohfwlrqv/ zkdw h{dfwo| grhv
wkh remhfwlyh ixqfwlrq lq +<14, fdswxuhB Lw lv uhdoo| lpsrvvleoh wr dqvzhu wklv
txhvwlrq zlwkrxw d vwuxfwxudo prgho ri srolf| fkrlfh1 Iroorzlqj Jurvvpdq dqg
Khospdq +4<<9e,/ zh hpehg d oree|lqj lqwr wkh hohfwrudo iudphzrun ri wkh qh{w
vhfwlrq lq vxevhfwlrq 4414/ dqg vkrz wkdw wkh sdudphwhu # fdq wkhq eh ghulyhg
iurp pruh vwuxfwxudo dvvxpswlrqv1 Lq vxevhfwlrq 4416/ zh dovr frpelqh oree|lqj
dqg ohjlvodwlyh edujdlqlqj1
<161 Qrwhv rq wkh olwhudwxuh
Dxvwhq0Vplwk +4<<:, jlyhv d uhfhqw vxuyh| ri wkh olwhudwxuh rq oree|lqj/ zkloh
Pxhoohu +4<;<, vxuyh|v wkh roghu olwhudwxuh1 Dq lq xhqwldo eudqfk ri wkh olwhudwxuh/
qrw glvfxvvhg khuh/ dssurdfkhv oree|lqj dv vwudwhjlf wudqvplvvlrq ri dv|pphwul0
fdoo| khog lqirupdwlrq> vhh Srwwhuv dqg ydq Zlqghq +4<<5, dqg Dxvwhq0Vplwk dqg
Zuljkw +4<<5,1 Jurvvpdq dqg Khospdq +4<<7,, zhuh wkh uvw wr xvh Ehuqkhlp
dqg Zlqvwrq*v +4<;9, frpprq djhqf| dssurdfk wr prgho oree|lqj lq wkh fdvh
ri wudgh srolf|1 Gl{lw +4<<9, dssolhv wkh vdph dssurdfk wr frpprglw| wd{dwlrq/
vkrzlqj zk| wkh zhoo nqrzq Gldprqg0Pluuohhv surgxfwlrq h!flhqf| suhvfulswlrq
zrxog dprvw vxuho| eh ylrodwhg lq srolwlfdo htxoleulxp1 Dlgw +4<<;, dgrswv lw lq
dqdo|}lqj hqylurqphqwdo wd{hv1 Gl{lw/ Jurvvpdq dqg Khospdq +4<<:, frqwdlqv
d jhqhudo glvfxvvlrq ri wkh frpprq djhqf| dssurdfk zlwk dssolfdwlrqv wr sxeolf
qdqfh1 Er|odq +4<<8, srlqwv wr wkh vlplodulwlhv ehwzhhq wklv dssurdfk dqg wkh
olwhudwxuh rq dxfwlrqv1 `
431 Hohfwrudo frpshwlwlrq
Zh kdyh vhhq krz wkh delolw| ri lqwhuhvw jurxsv wr jhw rujdql}hg lqwr oreelhv
dqg eh uhsuhvhqwhg e| srzhuixo ohjlvodwruv jlyhv wkhp dq hgjh lq wkh vwuxjjoh iru
srolf| ehqhwv1 Exw vrph jurxsv pd| dovr kdyh sduwlfxodu dwwulexwhv/ lq wkhlu uroh
dv yrwhuv/ zklfk pdnh wkhp dq dwwudfwlyh wdujhw iru r!fh0prwlydwhg srolwlfldqv1
Rxu odvw sduwldo prgho ri fhqwudol}hg srolf|pdnlqj dqg vshfldo0lqwhuhvw srolwlfv
:7wkhuhiruh irfxvhv rq hohfwrudo frpshwlwlrq1 Wkhuh lv qr oree|lqj/ qr ohjlvodwlyh
edujdlqlqj/ dqg qr vhsdudwlrq ri ghflvlrqv rq vshqglqj dqg wd{hv1 Srolf| ghflvlrqv
duh pdgh e| wzr frpshwlqj fdqglgdwhv zkr pd{lpl}h wkh suredelolw| ri zlqqlqj
wkh hohfwlrq1 Wkh| pdnh elqglqj surplvhv ri srolf| idyruv wr lqwhuhvw jurxsv
dkhdg ri wkh hohfwlrqv1 Xqolnh lq Sduw L/ wkh wzr fdqglgdwhv duh qrw lghqwlfdo/ dqg
glhuhqw yrwhuv kdyh lghrorjlfdo suhihuhqfhv iru rqh ru wkh rwkhu1 Dw wkh wlph
ri hohfwlrqv/ wkhvh lghrorjlfdo suhihuhqfhv duh wudghg r djdlqvw wkh dqqrxqfhg
hfrqrplf srolf| ehqhwv1 Zkhq dqqrxqflqj srolf| idyruv/ wkh fdqglgdwhv wdnh
lqwr dffrxqw zklfk jurxsv duh pruh olnho| wr eh vzd|hg1 Wkh txhvwlrq zh dvn lv
zklfk jurxsv wkh prvw lq xhqfh rq hohfwrudo surplvhv1
Wkh prgholqj lq wklv vhfwlrq iroorzv Olqgehfn dqg Zhlexoo +4<;:,/ dqg vxevh0
txhqwo|/ Gl{lw dqg Orqguhjdq +4<<9,/ zkr prglhg wkh suredelolvwlf yrwlqj prgho
ri Hqhorz dqg Klqlfk +4<;5, dqg rwkhuv iurp d vsdwldo vhwwlqj wr uhglvwulexwlrq
dprqj jurxsv1 Lq wklv vhfwlrq/ zh dgdsw wkhlu prghovzklfk erwk ghdo zlwk
gluhfw lqfrph uhglvwulexwlrq rxw ri d jlyhq exgjhwwr rxu srolf| sureohp zlwk
jurxs0vshflf sxeolf frqvxpswlrq rxw ri dq hqgrjhqrxv srro ri wd{ uhyhqxh1
43141 D vlpsoh prgho ri hohfwrudo frpshwlwlrq
Frqvlghu wkh prgho ri vhfwlrq :/ exw dgg wzr r!fh0prwlydwhg srolwlfdo sduwlhv
 ' uc - Ehiruh wkh hohfwlrq/ erwk sduwlhv qrq0frrshudwlyho| frpplw wkhpvhoyhv
wr vshflf srolf| sodwirupv/ }u dqg }-1 Sduwlhv dovr glhu lq dqrwkhu glphqvlrq/
xquhodwhg wr wkh dqqrxqfhg hfrqrplf srolflhvzh vkdoo uhihu wr wklv glphqvlrq
dv lghrorj|/ dowkrxjk lw frxog dovr lqyroyh rwkhu ihdwxuhv/ vxfk dv wkh shuvrqdo
fkdudfwhulvwlfv ri wkh sduw|*v ohdghuvkls1 Wklv lghrorjlfdo glphqvlrq lv d shupdqhqw
dwwulexwh ri hdfk sduw|/ lq wkh vhqvh wkdw lw fdqqrw eh fkdqjhg dw zloo gxulqj wkh
hohfwrudo fdpsdljq1
Wklv lghrorjlfdo glhuhqfh dprqj sduwlhv lv uh hfwhg lq wkh yrwhuv* suhihuhqfhv=
hdfk yrwhu kdv dq lghrorjlfdo eldv iru ru djdlqvw sduw| u Vshflfdoo|/ phpehu







zkhuh (u wdnhv d ydoxh ri xqlw| li sduw| u zlqv wkh hohfwlrq dqg }hur rwkhuzlvh1
Ixuwkhu/ j￿ lv dq lqglylgxdo0vshflf sdudphwhu/ Va lv d jurxs0vshflf sdudphwhu/
dqg w lv d udqgrp yduldeoh fdswxulqj wkh sduw| suhihuhqfhv ri wkh zkroh srsxodwlrq1
Wkxv/ lqglylgxdov duh glvwlqjxlvkhg e| wzr ihdwxuhv= wkh jurxs wkh| ehorqj wr/
lqgh{hg e| ac dqg wkhlu lqglylgxdo sduw| eldv/ j￿ Lqglylgxdov zlwk j￿ : f +	 f
:8k d y hde l d vl qi d y r ur i+ d j d l q v w ,s d u w |uc zklfk lv vwurqjhu wkh juhdwhu lv j￿ +lq
devroxwh ydoxh,1 Lqglylgxdo sduw| eldv lv glvwulexwhg zlwklq hdfk jurxs dffruglqj
wr d xqlirup glvwulexwlrq rq wkh lqwhuydo ^ ￿
2rac ￿
2rao Wkdw lv/ wkh glvwulexwlrq ri
j￿ iru doo  ehorqjlqj wr jurxs a kdv ghqvlw| ra Wkxv/ hdfk jurxs kdv phpehuv
lqkhuhqwo| eldvhg wrzdugv hdfk ri wkh sduwlhv/ hyhq wkrxjk wkh glvwulexwlrq ri sduw|
eldv glhuv dfurvv jurxsv1 Pruhryhu/ jurxsv dovr glhu lq wkh vwuhqjwk ri wkhlu
lghrorjlfdo prwlyhv> wkh odujhu lv wkh sdudphwhu Vac w k hp r u hd o ow k hl q g l y l g x d o v
lq a fduh derxw hfrqrplf zhoo0ehlqj uhodwlyh wr lghrorj|1 Ilqdoo|/ wkh udqgrp
yduldeoh w fdswxuhv wkh dyhudjh srsxodulw| ri sduw| u lq wkh srsxodwlrq dv d




ri w lv xqnqrzq wr wkh sduwlhv zkhq dqqrxqflqj wkhlu srolf| sodwirupv/ vr wkdw
wkh hohfwlrq rxwfrph lv xqfhuwdlq iurp wkhlu srlqw ri ylhz1
Htxdwlrqv +:16, dqg +4314, lpso| wkdw yrwhuv lq jurxs a vxssruwlqj sduw| -
doo kdyh= j￿ 	V ad ` aE } - ` aE } uo  w Ohw xv lghqwli| wkh vzlqj yrwhu  lq
jurxs a dv wkh yrwhu zkrjlyhq wkh sduwlhv* sodwirupvlv lqglhuhqw ehwzhhq





aE} uo  w +4315,
Vzlqj yrwhuv wrvv d frlq zkhq ghflglqj krz wr yrwh1
43151 Srolwlfdo htxloleulxp
Wkh wzr sduwlhv vlpxowdqhrxvo| dqg qrq0frrshudwlyho| fkrrvh wkhlu sodwirupv/ vr
dv wr pd{lpl}h wkh suredelolw| ri zlqqlqj wkh hohfwlrq179 Wr vshfli| wkh sduw|
remhfwlyhv/ uvw qrwh wkdw wkh glvwulexwlrqdo dvvxpswlrqv doorz xv wr zulwh wkh












E| ghqlwlrq ri ja lq +4315, dqg wkh dvvxpswlrq wkdw w lv xqlirupo| glvwulexwhg























79Wkh Qdvk htxloleulxp rewdlqhg li sduwlhv pd{lpl}h wkhlu yrwh vkduh lv lghqwlfdo +vhh Olqgehfn
dqg Zhlexoo +4<;:, dqg Gl{lw dqg Orqguhjdq +4<<9,,1 Lq wklv fdvh/ wkh udqgrp yduldeoh ￿ frxog
eh rplwwhg iurp wkh prgho1
:9zkhuh r 
S ￿￿
￿ ra lv wkh dyhudjh ghqvlw| ri sduw| eldv dfurvv jurxsv1 Sduw| - vhwv
lwv sodwirup vr dv wr pd{lpl}h wklv h{suhvvlrq/ vxemhfw wr wkh exgjhw frqvwudlqw1
Dv wkh suredelolw| ri zlqqlqj iru sduw| u lv jlyhq e|   R-c dv }u dhfwv R-
v|pphwulfdoo| exw zlwk wkh rssrvlwh vljq dv }-c dqg dv wkh wzr sduwlhv idfh wkh
vdph exgjhw frqvwudlqw/ wkh| idfh wkh vdph ghflvlrq sureohp1 Vshflfdoo|/ wklv
rswlpl}dwlrq sureohp grhv qrw lqfoxgh dq| sduw|0vshflf yduldeohv1 Lw vkrxog wkxv
frph dv qr vxusulvh wkdw d Qdvk htxloleulxp lqyroyhv lghqwlfdo srolf| sodwirupv
}u ' }-  E| +4315,/ wklv lpsolhv jaE}-c}ucw' w Dv wkh h{shfwhg ydoxh ri w lv
}hur/ hdfk sduw| lv grlqj lwv ehvw wr fdswxuh wkh yrwhv ri wkh lghrorjlfdoo| qhxwudo
yrwhuv lq hdfk jurxs/ qdpho| wkrvh zlwk j￿ 'f 
Lq ylhz ri wklv/ wkh uvw0rughu frqglwlrqv ghwhuplqlqj wkh doorfdwlrq ri htxl0

















U 'f1+ 4 3 1 7 ,
Wkh htxloleulxp wkxv hqwdlov d jhqhudol}hg Krwhoolqj0w|sh uhvxow1 Ghvslwh wkh
pxowl0glphqvlrqdo srolf| vsdfh/ wkh wzr sduwlhv frqyhujh rq wkh vdph sodwirupv1
Wkh lqwxlwlrq iru wklv lv vlpsoh= wkh sduwlhv frpshwh iru wkh vdph yrwhuv dqg wkxv
duh erwk wu|lqj wr ex| wkh hohfwrudo vxssruw iurp wkh vdph pdujlqdo yrwhuv lq
hdfk jurxs1 Ixuwkhupruh/ wkh| kdyh wkh vdph whfkqrorj| iru frqyhuwlqj prqh|
lqwr h{shfwhg yrwhv1 Dv d uhvxow/ wkh glvwulexwlrq ri yrwhuv* suhihuhqfhv dorqh wkdw
ghflghv wkh xqltxh htxloleulxp hohfwlrq rxwfrph1
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Dv lq wkh suhylrxv wzr vhfwlrqv/ ghyldwlrqv iurp wkh xwlolwduldq rswlpxp duh gh0
whuplqhg e| wkh h{suhvvlrq rq wkh uljkw0kdqg vlgh ri wkh htxdwlrq1 D qxpehu ri
lqvljkwv hphujh1
+4, Lq d srolwlfdoo| krprjhqrxv vrflhw|/ zkhuh wkh lghrorjlfdo eldv lv wkh vdph
dfurvv jurxsvl1h1/ wkh ghqvlwlhv ra dqg wkh sdudphwhuv Va frlqflgh iru doo a
hohfwrudo frpshwlwlrq lpsohphqwv wkh xwlolwduldq rswlpxp= }. ' }W1W k l v l v
lqwxlwlyh= dv erwk sduwlhv wu| wr ex| h{shfwhg yrwhv e| lq xhqflqj wkh yrwhuv*
pdujlqdo xwlolw|/ wkhlu pdujlqdo lqfhqwlyhv duh lghqwlfdo wr wkrvh hpdqdwlqj iurp d
xwlolwduldq remhfwlyh/ li hdfk jurxs lv lghqwlfdo dv frqfhuqv krz hdvlo| wkhlu yrwh fdq
eh vzd|hg1 Wklv uhvxow lv zhoo0nqrzq iurp wkh olwhudwxuh rq suredelolvwlf yrwlqj
lq d vsdwldo vhwwlqj> lw zdv uvw ghprqvwudwhg e| Frxjkolq dqg Qlw}dq +4<;4,1
::+5, Wkh srolwlfdo forxw ri d vshflf jurxs a lv frqyhqlhqwo| vxppdul}hg e| wkh
whup raVa Li wklv whup lv kljkhu wkdq wkh zhljkwhg dyhudjh ri wkh rwkhu jurxsv/ wkh
uljkw0kdqg vlgh ri +4318, lv qhjdwlyh/ lpso|lqj }ac. :} W1W k hw h u pr aphdvxuhv
wkh ghqvlw| ri lghrorjlfdoo| qhxwudo yrwhuv/ wkdw lv/ ri yrwhuv zkr rqo| fduh derxw
hfrqrplf srolflhv1 Wkhvh duh wkh prvw preloh yrwhuv/ dqg erwk sduwlhv zdqw wr
sohdvh wkhp1 Wkh odujhu lv wkh ghqvlw| ri wkhvh vzlqj0yrwhuv zlwklq jurxs a/
wkh juhdwhu lv wkh h{shqglwxuh gluhfwhg wrzdugv wklv jurxs1 Wkh sdudphwhu Va
lqvwhdg uh hfwv wr zkdw h{whqw yrwhuv lq jurxs  fduh derxw hfrqrplf zhoo ehlqj
dv rssrvhg wr lghrorj|1 Jurxsv zkr fduh ohvv derxw lghrorj| +l1h1 jurxsv zlwk
dj u h d w h uV aduh idyruhg/ vlqfh wkhlu yrwhuv duh pruh preloh1 Li wkhvh ihdwxuhv
fkdudfwhul}h plggoh0fodvv yrwhuv sduwlfxoduo| zhoo/ wkh prgho wkxv frqupv zkdw
Vwljohu +4<:3, plqwhg dv Gluhfwru*v Odz/ qdpho| wkdw uhglvwulexwlyh srolflhv
zloo jhqhudoo| idyru wkh plggoh fodvv1 Frqyhuvho|/ jurxsv fdulqj d juhdw ghdo derxw
lghrorj| dqg jurxsv zlwk ihz vzlqj yrwhuv orvh rxw/ ehfdxvh ex|lqj d odujh qxpehu
ri h{shfwhg yrwhv lq wkrvh jurxsv lv wrr h{shqvlyh17:
+6, Jurxs vl}h grhv qrw sod| d uroh lq ghwhuplqlqj srolwlfdo forxw1 Rq wkh rqh
kdqg/ d odujh jurxs kdv pdq| yrwhuv dqg lv wkhuhiruh dq dwwudfwlyh wdujhw iru yrwh
ex|lqj1 Rq wkh rwkhu kdqg/ lw lv pruh h{shqvlyh wr sd| iru wkh yrwhv ri d odujh
jurxs1 Dv wkh h{suhvvlrq lq +4317, vkrzv/ wkhvh wzr hhfwv fdqfho hdfk rwkhu rxw1
Qrwh/ krzhyhu/ wkdw zh kdyh dvvxphg wkdw sduwlhv pd{lpl}h wkh suredelolw| ri
zlqqlqj/ wdnhq ryhu wkh zkroh srsxodwlrq1 Wkxv/ zh fdq frqvlghu wklv dq lpsolflw
dvvxpswlrq ri dq hohfwrudo v|vwhp zlwk vwulfw sursruwlrqdo uhsuhvhqwdwlrq1
+7, Wkhuh lv qr uvw0rughu eldv lq wrwdo vshqglqj uhodwlyh wr wkh xwlolwduldq rs0
wlpxp1 Dv +4318, vkrzv/ vrph jurxsv jhw pruh zkloh rwkhuv jhw ohvv1 Wkh hhfw
rq wrwdo vshqglqj ghshqgv lq d frpsolfdwhg zd| rq wkh lqwhusod| ehwzhhq srolwl0
fdo forxw/ uhodwlyh jurxs vl}h/ dqg wkh frqfdylw| ri wkh ME ixqfwlrq1 Lqwxlwlyho|/
vshqglqj lv hqwluho| vxsso| ghwhuplqhg e| wkh wzr srolwlfdo sduwlhv1 Wkh suhv0
hqfh ri d odwhqw frpprq srro sureohp zlwk lqfhqwlyhv wr h{sdqg vshqglqj dw wkh
jurxs ohyho grhv qrw lq xhqfh wkh rxwfrph/ dv hdfk sduw|lq lwv dwwhpsw wr ex|
yrwhv iurp doo jurxsvsurshuo| lqwhuqdol}hv wkh djjuhjdwh exgjhw frqvwudlqw1
Wkh dqdo|vlv fdq eh h{whqghg dqg prglhg lq d qxpehu ri gluhfwlrqv1 Lq wkh
sdshuv e| Olqgehfn dqg Zhlexoo +4<;:, dqg Gl{lw dqg Orqguhjdq +4<<9,/ gluhfw
lqfrph wudqvihuv vxssruw wkh sulydwh frqvxpswlrq ri hdfk jurxs1 Srruhu jurxsv
7:D pruh jhqhudo irupxodwlrq ri wkh prgho zrxog kdyh wkh lglrv|qfudwlf sdudphwhuv ￿l glv0
wulexwhg dffruglqj wr jhqhudo jurxs vshfl￿f f1g1i VM+￿,> zlwk gl￿huhqw phdqv1 Lq wklv fdvh/ wkh
uhohydqw ghqvlw| zrxog eh vM+3, dqg jurxsv zlwk dq lghrorjlfdo eldv +d phdq idu iurp 3, zrxog
orvh rxw/ dv wkh| zrxog kdyh ihz lghrorjlfdoo| qhxwudo yrwhuv1
:;v|vwhpdwlfdoo| rewdlq pruh vxssruw/ fhwhulv sdulexv/ dv wkhlu pdujlqdo xwlolw| ri
lqfrph lq kljkhu +dv lw zrxog eh iru d ehqhyrohqw sodqqhu,1 Wkh vdph zrxog dsso|
khuh zlwk d frqfdyh xwlolw| ri sulydwh frqvxpswlrq> srru yrwhuv zrxog eh pruh
kxuw e| frpprq wd{hv dqg qhhg wr eh frpshqvdwhg zlwk pruh sxeolf frqvxps0
wlrq1 Vwuùpehuj +4<<;, ohwv jurxsv glhu lq wkhlu wxuqrxw udwhv/ ghqrwhg dv |a Wkh
srolwlfdo forxw ri jurxs a lq wkh prgho deryh ehfrphv |araVa Jurxsv zlwk kljkhu
wxuqrxw udwhv zrxog wkxv jhw pruh vxssruw1 Wkh wudqvdfwlrq frvwv lq ex|lqj
yrwhv pd| dovr glhu v|vwhpdwlfdoo| dfurvv jurxsv1 Li wkhvh frvwv ru wkh xqfhu0
wdlqwlhv lq yrwh ex|lqj duh orzhu dprqj wkh jurxsv ehorqjlqj wr wkh sduw|*v fruh
vxssruwhuv +ehfdxvh wudqvihuv fdq eh pruh suhflvho| wdujhwhg,/ wklv pd| ehfrph d
frxqwhuzhljkw wr d vwurqj sduw| eldv dqg udwlrqdol}h vr0fdoohg pdfklqh srolwlfv/
zkhuh sduwlhv jlyh pruh idyruv wr wkhlu wudglwlrqdo vxssruw jurxsv/ dv glvfxvvhg lq
wkh prgho e| Fr{ dqg PfFxeelqv +4<;9,1 Gl{lw dqg Orqguhjdq +4<<;, vwxg| d
pruh jhqhudo prgho zkhuh sduwlhv dqg yrwhuv dovr kdyh vrph lghrorjlfdo frqfhuqv
derxw lqfrph glvwulexwlrq1 Wklv doorzv wkhp wr hqgrjhqrxvo| ghulyh wkh uhvxow
wkdw jurxsv frpsrvhg ri plggoh0fodvv yrwhuv duh olnho| wr kdyh prvw hohfwrudo forxw1
Wkh prgho fhuwdlqo| kljkoljkwv lpsruwdqw dvshfwv ri krz vshfldo lqwhuhvwv pd|
eh idyruhg e| sduwlhv lq wkhlu hohfwlrq fdpsdljqv1 Exw lw dovr ohdyhv rxw lpsruwdqw
dvshfwv ri srolf| pdnlqj1 Iru rqh/ wkhuh lv qr lqwhuhvw jurxs dfwlylw|> hdfk jurxs
lv mxvw d wdujhw iru wkh srolwlfldqv/ dqg wkhlu phpehuv mxvw fdvw wkhlu yrwh olnh
hyhu|erg| hovh1 Iru dqrwkhu/ wkh dvvxpswlrq ri elqglqj hohfwrudo surplvhv lv
gxelrxv> pdq| srolf| ghflvlrqv duh pdgh ehwzhhq hohfwlrqv lq wkh uxqqlqj ri
exvlqhvv e| wkh lqfxpehqw jryhuqphqw dqg lwv dgplqlvwudwlrq1 Sduw LLL glvfxvvhv
dw ohqjwk krz hohfwrudo frpshwlwlrq lv sod|hg rxw wkurxjk uhwurvshfwlyh yrwlqj/ lq
wklv fdvh1
43161 Qrwhv rq wkh olwhudwxuh
Wkh suredelolvwlf yrwlqj dssurdfk zdv ghyhorshg lq wkh vsdwldo yrwlqj prgho wr
jxdudqwhh h{lvwhqfh ri htxoleulxp lq vlwxdwlrqv/ vxfk dv d pxowl0glphqvlrqdo srolf|
vsdfh/ zkhq d Frqgrufhw zlqqhu idlov wr h{lvw> vhh Frxjkolq +4<<5, iru dq ryhuylhz
ri suredeolvwlf yrwlqj dqg Rveruqh +4<<8, iru dq ryhuylhz ri vsdwldo yrwlqj wkhru|1
Dq dgdswlrq ri wklv iudphzrun wr uhglvwulexwlrq dprqj pxowlsoh lqwhuhvw jurxsv
zdv pdgh e| Olqgehfn dqg Zhlexoo +4<;:, dqg wkhlu dssurdfk zdv h{whqghg e|
Gl{lw dqg Orqguhjdq +4<<9,1 Wkhvh sdshuv/ dqg wkh rwkhu sdshuv phqwlrqhg
lq wkh wh{w/ lghqwli| d sulrul wkh vhw ri lqwhuhvw jurxsv dqg wkh jurxs d!oldwlrq
ri hdfk yrwhu1 D jhqhudo wuhdwphqw ri uhglvwulexwlrq dprqj h{ dqwh lghqwlfdo
:<yrwhuv/ uhvxowlqj iurp hohfwrudo frpshwlwlrq ehwzhhq srolwlfdo fdqglgdwhvzlwkrxw
dgglwlrqdo dwwulexwhvfdq eh irxqg lq P|huvrq +4<<6,/ zkr ghulyhv dq htxoleulxp
zkhuh hdfk fdqglgdwh vhohfwv d udqgrpl}hg uhglvwulexwlrq vwudwhj|1
441 Lqwhudfwlrqv lq wkh srolwlfdo surfhvv
Vr idu/ zh kdyh vwxglhg wkuhh glhuhqw prghov ri vshfldo0lqwhuhvw srolwlfv/ hdfk
irfxvlqj rq d vhsdudwh dvshfw ri srolwlfdo dfwlylw|1 Uhdo0zruog srolwlfv/ krzhyhu/
lqyroyhv d juhdw ghdo ri lqwhudfwlrq ehwzhhq wkhvh dfwlylwlhv1 Li oreelhv ru yrw0
huv xqghuvwdqg krz ghflvlrqv duh pdgh lq wkh ohjlvodwxuh/ wkh| zloo dgdsw wkhlu
oree|lqj ehkdylru ru wkhlu fdqglgdwh suhihuhqfhv dffruglqjo|1 Dqg li hohfwrudo
sodwirupv v|vwhpdwlfdoo| idyru fhuwdlq rujdql}hg jurxsv/ wkh| zloo dgdsw wkhlu
fdpsdljq frqwulexwlrqv dffruglqjo|1 Lq wkh devhqfh ri d judqg xqlhg wkhru|ri
vshfldo lqwhuhvw srolwlfvd vwuxfwxudo prgho vlpxowdqhrxvo| hqfrpsdvvlqj ohjlvod0
wlrq/ oree|lqj dqg hohfwlrqvzh ghyrwh wkh uhpdlqghu ri wklv sduw wr wkh dqdo|vlv
ri wkuhh vlpsohu/ sdluzlvh/ irupv ri lqwhudfwlrq1
44141 Oree|lqj dqg hohfwlrqv
Wkh suhylrxv prgho ri oree|lqj lv prvw vwudljkwiruzdugo| lqwhusuhwhg dv d prgho
ri eulehv wr wkh jryhuqphqw1 Lq sudfwlfh/ krzhyhu/ prvw oree|lqj wdnhv wkh irup
ri fdpsdljq frqwulexwlrqv/ hlwkhu lq fdvk ru lq nlqg/ wkurxjk dfwlrqv dhfwlqj
wkh hohfwrudo rxwfrph1 Zh qrz frpelqh wkh oree|lqj prgho ri Vhfwlrq < zlwk wkh
yrwlqj prgho ri Vhfwlrq 43/ wr looxvwudwh krz hohfwrudoo| prwlydwhg oree|lqj pd|
lq xhqfh srolf|1 Wkh fhqwudo frqfoxvlrq lv wkdw wkh lqvljkwv jdlqhg lq wkrvh wzr
vhfwlrqv vxuylyh/ dqg fduu| ryhu wr wklv pruh jhqhudo prgho1 Htxloleulxp srolf|
lv lq xhqfhg e| erwk wkh oree|lqj dfwlylw| dqg wkh yrwhuv* dwwulexwhv= rujdql}hg
jurxsv/ dqg jurxsv zlwk pruh vzlqj yrwhuv/ duh ryhu0uhsuhvhqwhg lq wkh srolwlfdo
surfhvv1 Pruhryhu/ dgglwlrqdo lqvljkwv duh jdlqhg derxw zkdw ghwhuplqhv wkh
hhfwlyhqhvv ri wkh oreelhv dqg wkh vl}h ri htxloleulxp frqwulexwlrqv1 Wkh dqdo|vlv
lv d yduldqw rq wkdw lq Ehqhggvhq +4<<;,/ zkr lq wxuq h{whqgv dqg vlpsolhv hduolhu
zrun e| Edurq +4<<7, dqg Jurvvpdq dqg Khospdq +4<<9e,17;
Frqvlghu wkh vdph prgho dv lq Vhfwlrqv < dqg 44/ exw zlwk vrph vlpsolfd0
wlrqv1 Wzr yrwh pd{lpl}lqj sduwlhv/ u dqg -c vhw srolf| sodwirupv }u dqg }-
uhvshfwlyho|/ lq dgydqfh ri wkh hohfwlrqv1 Dv ehiruh/ wkhvh sduwlhv glhu lq vrph
7;Ulh}pdq dqg Zlovrq +4<<:, vwxg| uhvwulfwlrqv rq frqwulexwlrqv lq d vhwwlqj zkhuh frpshwlqj
srolwlfdo fdqglgdwhv lqvwhdg ￿vhoo￿ srolflhv wr gl￿huhqw lqwhuhvw jurxsv1
;3lghrorjlfdo glphqvlrqv1 Zh qrz dvvxph wkdw doo jurxsv duh ri htxdo vl}h qru0
pdol}hg wr xqlw|/ vxfk wkdw ￿a
￿ ' ￿
[ c dqg sodfh wkh vdph zhljkw rq hfrqrplf







exw qrz w lv jlyhq e|
w '  w n Eu  - 
Wkxv/ wkh dyhudjh srsxodulw| ri sduw| u kdv wzr frpsrqhqwv1 Wkh whup  w lv d
udqgrp yduldeoh/ dv suhylrxvo|/ xqlirupo| glvwulexwhg rq d ￿
2￿c ￿
2￿o Exw wkh ryhu0
doo uhodwlyh srsxodulw| ri wkh wzr sduwlhv lv qrz dovr lq xhqfhg e| wkh fdpsdljq
frqwulexwlrqv uhfhlyhg e| sduwlhv u dqg -c u dqg -c uhvshfwlyho|1 Vshflfdoo|/
yrwhuv duh eldvhg lq idyru ri wkh sduw| uhfhlylqj pruh frqwulexwlrqv/ zlwk :f
ehlqj d sdudphwhu fdswxulqj wkh vhqvlwlylw| wr wkh glhuhqfh lq fdpsdljq vshqg0
lqj17< Wklv kdv pruh wkdq rqh lqwhusuhwdwlrq= u pljkw phdvxuh dgyhuwlvlqj
h{shqglwxuhv ru phgld h{srvxuh ri wkh ohdghuv ri sduw| uc e x wl wp l j k wd o v ru h 0
ihu wr vxssruw dfwlrqv lq idyru ri uc ru djdlqvw khu hohfwrudo rssrqhqw183 Dv lq
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h w1 +4415,
Wkxv/ wkh lghqwlw| ri wklv vzlqj yrwhu lv dhfwhg e| fdpsdljq vshqglqj1 Doo yrwhuv
lq jurxs a zlwk j￿ :j asuhihu sduw| u/ doo wkrvh zlwk j￿ 	j asuhihu -1 Iroorzlqj
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 +4416,
7<Doorzlqj ! wr gl￿hu dfurvv jurxsv ru lqglygxdov grhv qrw pdwwhu iru wkh uhvxowv/ vlqfh rqo|
wkh dyhudjh ydoxh ri ! +dfurvv jurxsv dqg lqglylgxdov, hqwhuv wkh htxloleulxp h{suhvvlrqv1 Qrwh
wkdw !A4lv doorzhg1
83Jurvvpdq dqg Khospdq +4<<9e, vxjjhvw d voljkwo| gl￿huhqw lqwhusuhwdwlrq/ zklfk ohdgv wr
d vlplodu irupxodwlrq dv +4415, Vrph yrwhuv duh ixoo| lqiruphg dqg xqlq xhqfhg e| fdpsdljq
frqwulexwlrqv1 Rwkhu yrwhuv duh xqlqiruphg derxw hfrqrplf srolf| sodwirupv/ dqg uhvsrqg
h{foxvlyho| wr fdpsdljq frqwulexwlrqv1 Wkh ryhudoo h￿hfwlyhqhvv ri fdpsdljq frqwulexwlrqv lq
vzd|lqj yrwhuv lv wkhq uhodwhg wr wkh iuhtxhqf| ri xqlqiruphg yrwhuv lq wkh srsxodwlrq1
;4D vxevhw O ri wkh jurxsv duh rujdql}hg lq oreelhv1 Dv lq vhfwlrq </ bn gh0
qrwhv wkh rujdql}hg iudfwlrq ri wkh srsxodwlrq rujdql}hg Oree| a pd{lpl}hv wkh
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zkhuh a ' a
una
- lv wkh wrwdo fdpsdljq frqwulexwlrq e| oree| a wr erwk sduwlhv/
dqg zkhuh a
u dqg a
- duh frqvwudlqhg wr eh qrq0qhjdwlyh1 Qrwh wkdw/ xqolnh lq
vhfwlrq 5/ wkh frvw ri oree|lqj lv wdnhq wr eh d frqyh{ ixqfwlrq ri ac wkh odvw whup
rq wkh uljkw kdqg vlgh ri +4417,184 Lq d ulfkhu prgho/ wklv frxog uh hfw lqfuhdvlqj
pdujlqdo frvwv ri hqwlflqj srwhqwldo frqwulexwruv zlwk glhuhqw zloolqjqhvv wr jlyh/
zkhuh wkh oree| zrxog qdwxudoo| vwduw e| wdsslqj wkrvh phpehuv ri wkh jurxs iurp
zkrp froohfwlqj lv hdvlhvw1 Dowhuqdwlyho|/ li  uhsuhvhqwv frqwulexwlrqv lq nlqg/
vxfk dv zrun lq wkh fdpsdljq/ wkh frqyh{lw| pd| uhsuhvhqw lqfuhdvlqj glvxwlolw|
ri hruw1 Zkdwhyhu wkh lqwhusuhwdwlrq/ wkh wrwdo frqwulexwlrqv uhfhlyhg e| sduw|




-c dqg/ vlploduo|/ iru sduw| u
Wkh wlplqj ri hyhqwv lv dv iroorzv= +l, Erwk sduwlhv vlpxowdqhrxvo| dqqrxqfh
srolf| sodwirupv1 +ll, Kdylqj revhuyhg wkhvh dqqrxqfhphqwv/ doo oreelhv vlpxo0
wdqhrxvo| vhw wkhlu fdpsdljq frqwulexwlrqv1 +lll, Hohfwlrqv duh khog1 Vwdjhv +l,
dqg +ll, duh wkxv uhyhuvhg uhodwlyh wr Vhfwlrq </ zkhuh wkh oreelhv lqvwhdg pryhg
uvw e| vhwwlqj frqwlqjhqw frqwulexwlrq vfkhgxohv1 Wkh suhvhqw wlplqj dvvxpswlrq
frqvlghudeo| vlpsolhv wkh dqdo|vlv dqg pljkw dovr eh pruh sodxvleoh1 Lw sruwud|v
oree|lqj dv dq dfwlylw| dwwhpswlqj wr lq xhqfh wkh hohfwrudo surfhvv/ jlyhq wkh
surplvhv pdgh e| wkh sduwlhv1 Qrwh/ krzhyhu/ wkdw oree|lqj vwloo lq xhqfhv srolf|
irupdwlrq/ dv sduwlhv dqwlflsdwh krz wkh oreelhv zloo dgdsw wkhlu frqwulexwlrqv wr
wkh sduwlhv* srolf| surplvhv1 Lqwxlwlyho|/ hdfk sduw| zdqwv wr zlq wkh hohfwlrq>
dqg rqh zd| ri zlqqlqj lv wr dqqrxqfh d sodwirup dsshdolqj wr wkh oreelhv/ dqg
ohw wkh oreelhv khos jduqhu hohfwrudo vxssruw e| udlvlqj prqh| ru zrunlqj iru wkh
sduw|185
Zh duh qrz uhdg| wr fkdudfwhul}h wkh htxloleulxp1 Wkh hohfwrudo rxwfrph dw
vwdjh +lll, kdv douhdg| ehhq glvfxvvhg1 Frqvlghu wkh rswlpl}dwlrq sureohp idfhg
e| wkh oreelhv dw vwdjh +ll,/ iru jlyhq srolf| sodwirupv dqqrxqfhg dw vwdjh +l,1
84Zlwk olqhdu frvw ixqfwlrqv iru FM/ wkh uhdfwlrq ixqfwlrqv ri wkh oreelhv zrxog qrw eh frq0
wlqxrxv lq wkh srolf| sodwirupv/ lq wklv vhw0xs1
85Jurvvpdq dqg Khospdq +4<<9e, lqvwhdg frqvlghu d vhw0xs zkhuh wkh oreelhv pryh ￿uvw/ dqg
ghulyh udwkhu vlplodu uhvxowv1
;5Pd{lpl}dwlrq ri +4417, zlwk uhvshfw wr a
- dqg a















E| +4418, hdfk oree| fdpsdljqv rqo| lq idyru ri d vlqjoh sduw|/ dqg grhv qrw
fdpsdljq dw doo li wkh wzr sduwlhv dqqrxqfh lghqwlfdo sodwirupv1 Wklv ihdwxuh
ri wkh prgho lv txlwh vhqvleohwkh oreelhv zdqw wr lq xhqfh wkh yrwhuv/ qrw wkh
sduwlhvdqg lw lv frqvlvwhqw zlwk vrph dydlodeoh hylghqfh vxjjhvwlqj wkdw oreelhv
vhogrp vshqg iru erwk fdqglgdwhv lq hohfwlrqv187 Vxpplqj wklv h{suhvvlrq dfurvv
doo oreelhv lq O/ zh jhw=









Wkdw lv/ fdpsdljq vshqglqj jrhv wr wkh sduw| lv/ rq dyhudjh/ pruh vxffhvvixo lq
sohdvlqj wkh oreelhv1
Ohw xv qrz wxuq wr wkh sduw|0rswlpl}dwlrq sureohp1 Khuh/ pd{lpl}lqj wkh
yrwh vkduh dqg wkh suredelolw| ri zlqqlqj dprxqw wr wkh vdph wklqj1 E| +4416,/
























zkhuh  ' r
2M : f lv dq h{wud zhljkw rq wkh oreelhv* xwlolw|/ uhodwhg wr krz
hhfwlyh fdpsdljq vshqglqj lv lq lq xhqflqj wkh yrwhuv= wkh pruh lq xhqwldo lw
lv/ wkh juhdwhu lv wkh zhljkw rq wkh oreelhv xwlolwlhv1 Qrwh wkh vlplodulw| zlwk wkh
dvvxphg uhgxfhg0irup remhfwlyh ri wkh jryhuqphqw lq wkh frpprq djhqf| prgho
lq Vhfwlrq <> lq wkdw fdvh/ wkh rujdql}hg oreelhv dovr jhw dq dgglwlrqdo zhljkw lq
wkh remhfwlyh ri wkh srolf|pdnhu1 Wkxv/  lq wkh suhvhqw prgho forvho| fruuhvsrqgv
wr +  # lq Vhfwlrq <1
E| wkh vdph orjlf/ sduw| u vroyhv dq lghqwlfdo sureohp1 Khqfh/ olnh lq Vhfwlrq
43/ erwk sduwlhv dqqrxqfh wkh vdph srolflhv= }- ' }uc zklfk wkhq lpso| wkdw








> dovr uhfdoo wkdw frqwulex0
wlrqv duh qrq0qhjdwlyh1
87Iru X1V hylghqfh rq wklv srlqw/ vhh Srroh dqg Urphu +4<;8,1
;6htxloleulxp fdpsdljq vshqglqj lv }hurfi1 +4419,188 Wklv grhv qrw phdq wkdw
wkh suhvhqfh ri wkh oreelhv lv luuhohydqw/ rq wkh frqwudu|= rxw ri htxloleulxp/ wkh|
gr vshqg rq wkh sduw| zkr sohdvhv wkhp prvw/ dqg wklv lqgxfhv erwk sduwlhv wr
wlow sxeolf srolf| lq wkhlu idyru1 Vshflfdoo|/ wdnlqj wkh uvw0rughu frqglwlrqv ri
sureohp +441:, dqg uhzulwlqj wkhp/ zh fdq ghqh wkh htxloleulxp doorfdwlrq e|
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li a 5O1
Wkdw lv/ }a lv ryhusurylghg/ uhodwlyh wr wkh vrfldo rswlpxp/ li wkhuh duh pdq| vzlqj
yrwhuv lq a +ra lv odujhu wkdq rc wkh dyhudjh ri wkh rwkhu jurxsv,/ suhflvho| dv lq
Vhfwlrq 431 Li jurxs a l vr u j d q l } h gd vdo r e e | /w k h u hl vd o v rr y h u s u r y l v l r q /d q gw k h
oree|lqj hhfw lv vwurqjhu/ wkh kljkhu lv c l 1 h 1 w k hp r u hh  h f w l y hd u hf d p s d l j q
frqwulexwlrqv lq lq xhqflqj wkh yrwhuv1 Dovr/ d vpdoohu iudfwlrq ri oreelhv dprqj
wkh jurxsv/ d vpdoohu bnc lqfuhdvhv wkh ryhusurylvlrq iru wkh oreelhv/ exw ghfuhdvhv
wkh xqghusurylvlrq iru wkh xqrujdql}hg jurxsv/ dv lq Vhfwlrq <1
Wkh prgho fdq hdvlo| eh jhqhudol}hg wr lqwurgxfh rwkhu dwwulexwhv ri wkh yrwhuv1
Dv qrwhg deryh/ Jurvvpdq dqg Khospdq +4<<9e, dqg Edurq +4<<7, glvwlqjxlvk
ehwzhhqlqiruphg dqg xqlqiruphg yrwhuv1 Wkh iruphu duh ixoo| lqiruphg dqg frp0
sohwho| xqdhfwhg e| fdpsdljq frqwulexwlrqv/ olnh wkh yrwhuv lq vhfwlrq 431 Wkh
xqlqiruphg/ rq wkh rwkhu kdqg/ duh frpsohwho| xqdhfwhg e| hfrqrplf srolflhv/
dqg wkhlu suhihuhqfhv rqo| uhvsrqg wr fdpsdljq vshqglqj e| wkh sduwlhvqdpho|
wkhlu suhihuhqfhv duh mxvw jlyhq e| wkh frqwulexwlrqv whup E-u Ohw jurxsv
dovr glhu e| wkh vkduh ri lqiruphg dqg xqlqiruphg yrwhuv/ ehvlghv wkh ghqvlw|
rac dqg ohw B
a ghqrwh wkh vkduh ri lqiruphg yrwhuv lq jurxs a Wkhq/ uhshdwlqj
wkh vdph vwhsv dv deryh/ lw fdq eh vkrzq wkdw sdudphwhu B
a lq xhqfhv wkh door0
fdwlrq/ lq wkh vdph zd| dv ra lq h{suhvvlrq +441;,1 Wkdw lv/ jurxsv zlwk d odujhu
vkduh ri lqiruphg yrwhuv duh ehwwhu wuhdwhg e| wkh sduwlhv/ vlqfh wkh| duh pruh
uhvsrqvlyh wr hfrqrplf srolflhv1 Vwdwhg rwkhuzlvh/ yrwhu prelolw|/ rqh ri wkh nh|
ghwhuplqdqwv ri wkh htxloleulxp doorfdwlrq lq wkh yrwlqj prgho/ fdq hlwkhu uh hfw
d vpdoo zhljkw jlyhq wr lghrorj| zlwklq wkh jurxs +ru vpdoo hohfwrudo wxuqrxw,/ ru
htxlydohqwo|/ d vpdoo vkduh ri xqlqiruphg yrwhuv1
88Jurvvpdq dqg Khospdq +4<<9e,/ zlwk wkhlu gl￿huhqw wlplqj dvvxpswlrq/ jhw d gl￿huhqw
uhvxow= lq wkhlu prgho/ wkhuh lv qrq0frqyhujhqfh lq sduw| sodwirupv/ dqg htxloleulxp frqwulexwlrqv
duh srvlwlyh1
;7Wklv glvfxvvlrq qdwxudoo| vxjjhvwv wzr txhvwlrqv= Krz gr yrwhuv rewdlq wkhlu
lqirupdwlrqB Dqg zk| duh vrph yrwhuv lqiruphg zkloh rwkhuv duh qrwB Dq reylrxv
dqvzhu wr wkh uvw txhvwlrq lv wkdw yrwhuv rewdlq wkhlu lqirupdwlrq iurp wkh phgld1
Vwuùpehuj +4<<;, vhwv xs d irupdo prgho ri srolwlfv dqg wkh phgld wr dgguhvv wkh
vhfrqg txhvwlrq1 Kh vkrzv wkdw wkh lqwhudfwlrq ehwzhhq hohfwrudo frpshwlwlrq
+prghohg dv lq Vhfwlrq 43, dqg frpshwlwlrq ehwzhhq surw pd{lpl}lqj phgld
surylghv dq dqvzhu wr wkh vhfrqg txhvwlrq1 Rswlpdo ehkdylru e| wkh phgld whqg
wr eldv wkh lqirupdwlrqdqg khqfh dovr wkh srolf| rxwfrphwrzdugv jurxsv wkdw
duh dwwudfwlyh iru dgyhuwlvhuv1
Wr vxppdul}h/ wkh prgho lq wklv vhfwlrq surylghv d ulfkhu vhw ri ghwhuplqdqwv
r iv x f f h v vl qv s h f l d o 0 l q w h u h v ws r o l w l f vf r p s d u h gw rw k hs d u w l d op r g h o vl qv h f w l r q v<
dqg 431 Exw wkhuh duh qr vxusulvhv/ dqg wkh uhvxowv frpelqh rxu hduolhu qglqjv1
Dv zh vkdoo vhh lq wkh qh{w wzr vhfwlrqv/ krzhyhu/ wklv lv qrw dozd|v wkh rxwfrph
ri lqwhudfwlrqv ehwzhhq glhuhqw w|shv ri srolwlfdo dfwlylw|1
44151 Hohfwlrqv dqg ohjlvodwlyh edujdlqlqj
Wr vwxg| wkh lqwhudfwlrq ehwzhhq hohfwlrqv dqg ohjlvodwlrq/ zh dgg dq hohfwlrq
vwdjh dw wkh ehjlqqlqj ri wkh ohjlvodwlyh edujdlqlqj jdph deryh1 Lq glvwulfw0zlgh
hohfwlrqv/ iruzdug0orrnlqj yrwhuv dssrlqw d uhsuhvhqwdwlyh iru wkh frplqj ohjlvod0
wlyh vhvvlrq1 Dv zh vkdoo vhh/ wklv jlyhv ulvh wr vwudwhjlf ghohjdwlrq/ vlplodu wr wkdw
douhdg| hqfrxqwhuhg lq wkh flwl}hq0fdqglgdwh prgho ri vxevhfwlrq 916/ Sduw L1 Dv
lq wkdw vxevhfwlrq/ zh qrz dvvxph wkdw fdqglgdwhv duh rxwfrph prwlydwhg=w k h |
fduh derxw wkh srolf| hqdfwhg rqfh lq r!fh/ dqg glhuhqw fdqglgdwhv kdyh glhu0
hqw ylhzv rq zkdw lv wkh rswlpdo srolf|1 Wkh prgholqj khuh iroorzv wkh uhfhqw
vwxg| e| Fkdul/ Mrqhv dqg Pdulprq +4<<:, txlwh forvho|1
Frqvlghu d irxu0vwdjh jdph/ zkhuh wkh odvw wkuhh vwdjhv duh lghqwlfdo wr wkh
jdph lq Vhfwlrq ;1 Lq wkh uvw vwdjh/ hyhu| glvwulfw vlpxowdqhrxvo| hohfwv d uhs0
uhvhqwdwlyh e| soxudolw| uxoh1 Zh dvvxph wkdw lq hdfk glvwulfw/ yrwhuv fdq fkrrvh
dprqj fdqglgdwhv zlwk khwhurjhqhrxv suhihuhqfhv iru sulydwh yhuvxv sxeolf frq0





Wkdw lv/ fdqglgdwhv zlwk kljk ydoxhv ri k fduh d juhdw ghdo derxw sxeolfo| surylghg
jrrgv1 Fdqglgdwhv duh rxwfrph prwlydwhg/ lq wkh vhqvh wkdw rqfh hohfwhg/ wkh| dfw
vr dv wr pd{lpl}h +441<,/ dqg wkhlu w|sh +lghrorj|, lv qrw dq remhfw ri fkrlfh iru
wkh fdqglgdwh klpvhoi1 Fdqglgdwhv duh wkxv fkdudfwhul}hg e| wkhlu xwlolw| ixqfwlrq
+441<,/ ru/ pruh frpsdfwo|/ e| wkhlu suhihuhqfh sdudphwhu k
;8Iru vlpsolflw|/ zh dovr pdnh wkh iroorzlqj v|pphwu| dvvxpswlrqv= +l, Lq doo
glvwulfwv wkhuh lv d frqwlqxxp ri fdqglgdwhv wr fkrrvh iurp/ zlwk ydoxhv ri k lq
wkh vdph udqjh ^kuck Loiru doo glvwulfwv1 +ll, Zh frqwlqxh wr dvvxph wkdw yrwhuv
duh doo lghqwlfdo zlwklq hdfk glvwulfw/ dqg kdyh suhihuhqfhv dv lq +441<,/ exw zlwk
k ' Dgglqj yrwhu khwhurjhqhlw|zlwk yrwhu suhihuhqfhv glvwulexwhg ryhu wkh
vdph udqjh ^kuck Lodv fdqglgdwhvlv vwudljkwiruzdug dqg grhv qrw fkdqjh wkh
uhvxowv1 +lll, Doo glvwulfwv kdyh wkh vdph vl}h/ qdpho| ￿a
￿ ' ￿
[ iru doo a +ly, Wkh
ghidxow doorfdwlrq lv v|pphwulf/ qdpho| }a 'firu doo ac lpso|lqj  'f +y, Hyhu|
uhsuhvhqwdwlyh kdv wkh vdph suredelolw|/ ￿
[ c wr eh slfnhg dv wkh djhqgd vhwwhu1
Djdlq zh orrn iru d Vxejdph shuihfw Qdvk htxloleulxp1 Frqvlghu uvw wkh
ohjlvodwlyh edujdlqlqj vwdjhv1 E| +lll,/ +ly, dqg wkh uhvxowv lq Vhfwlrq ;/ lw lv hdvlo|
vkrzq wkdw wkh fkrvhq djhqgd vhwwhu zloo slfn wkh [3￿
2 uhsuhvhqwdwlyhv zlwk wkh
kljkhvw ydoxhv ri k dv phpehuv ri wkh pdmrulw| frdolwlrq/ P1 Wkh uhdvrq lv
wkdw wkh| duh hdvlhvw wr sohdvh/ ehfdxvh wkh| ydoxh sxeolf frqvxpswlrq d orw
l1h1/ wkhlu lqfhqwlyh frqvwudlqwv +;14, duh wkh hdvlhvw wr uhod{1 Dw wkh hohfwlrqv
vwdjh/ yrwhuv uhdol}h wklv1 Uhfdoo wkdw yrwhuv lq glvwulfw a jhw frpshqvdwhg e|
vrph sxeolf jrrgv iru wkh wd{hv wkh| sd| rqo| li wkhlu fdqglgdwh lv sduw ri wkh
pdmrulw|/ zkhuhdv wkh| jhw qr frpshqvdwlrq li wkhlu fdqglgdwh qgv klpvhoi lq wkh
rssrvlwlrq1 Khqfh/ doo glvwulfwv kdyh dq lqfhqwlyh wr hohfw d fdqglgdwh zlwk d ydoxh
ri k kljkhu wkdq wkdw ri wkh rwkhu glvwulfwv/ vlqfh wkdw zrxog pdnh wkhp sduw ri
wkh pdmrulw| zlwk fhuwdlqw|1 Wklv sxvkhv doo glvwulfwv wr d fruqhu= xqghu d plog
frqglwlrq rq suhihuhqfhv/ doo glvwulfwv hohfw wkh prvw vshqgwkuliw fdqglgdwh/ w|sh
kLc lq htxloleulxp1 Zlwk wklv frqvwhoodwlrq ri uhsuhvhqwdwlyhv/ wkh yrwhuv lq hdfk
glvwulfw kdyh d iw|0iw| fkdqfh ri ehlqj lqfoxghg lq wkh zlqqlqj frdolwlrq1 Li dq|
glvwulfw dssrlqwhg d vpdoohu vshqghud fdqglgdwh zlwk d orzhu kwklv fkdqfh
zrxog gurs wr }hur/ wkxv eulqjlqj derxw d glvfrqwlqxrxv h{shfwhg zhoiduh orvv189
8:
89Vrph frqglwlrqv duh qhhghg wr lqvxuh wkdw wklv lv dq htxloleulxp/ vlqfh hohfwlqj d vshqgwkuliw
fdqglgdwh/ wkh yrwhuv pljkw dovr lqfxu d frvw= lq wkh hyhqw wkdw kh lv dssrlqwhg djhqgd vhwwhu/
d vshqgwkuliw hqgv xs vshqglqj pruh wkdq lv rswlpdo iru klv yrwhuv1 Wklv +h{shfwhg, frvw wkxv
qhhgv wr eh vx!flhqwo| vpdoohu wkdq wkh ehqh￿w/ gxh wr d glvfuhwho| kljkhu suredelolw| ri ehlqj
lqfoxghg lq wkh pdmrulw|1 Zlwk d odujh hqrxjk qxpehu ri glvwulfwv/ wkh suredelolw| ri ehfrplqj
djhqgd vhwwhu lv vx!flhqwo| vpdoo/ dqg wklv frqglwlrq lv vdwlv￿hg1
8:Wkh prgho frxog eh h{whqghg wr dq hqwu| vwdjh/ zkhuh fdqglgdwhv vruw wkhpvhoyhv rxw dv lq
wkh flwl}hq fdqglgdwh prgho ri Vhfwlrq 81 Vxssrvh wkdw yrwhuv wrr duh khwhurjqhrxv dqg kdyh
wkh vdph suhihuhqfhv dv wkh fdqglgdwhv/ +441<,1 Dsso|lqj Sursrvlwlrq 5 +dqg Fruroodu| 4, lq
Ehvoh| dqg Frdwh +4<<:,/ wklv htxloleulxp zrxog/ lq idfw/ eh vxvwdlqdeoh lq dq h{whqghg ￿flwl}hq0
fdqglgdwh￿ prgho zlwk dq lqlwldo hqwu| vwdjh/ zkhuh hyhu| yrwhu lq hdfk glvwulfw frxog hqwhu dv d
;9Wkxv/ zh kdyh dqrwkhu lqvwdqfh ri vwudwhjlf ghohjdwlrq= yrwhuv lq hdfk glvwulfw
hohfw d elj vshqghu1 Wkh uhdvrq lv wkdw xqohvv wkh| dfw lq wklv zd|/ wkh| duh ohiw lq
wkh rssrvlwlrq1 Fohduo|/ wklv yrwlqj htxloleulxp pdnhv wkh doorfdwlrq pruh eldvhg
wrzdugv ryhuvshqglqj iru wkh djhqgd vhwwhuvlqfh vkh dovr kdv d kljk k/r qw r s
ri khu ehwwhu edujdlqlqj srzhudqg glplqlvkhv wkh glhuhqfhv ehwzhhq glvwulfwv
lqvlgh dqg rxwvlgh wkh pdmrulw|1
Dv Fkdul/ Pdulprq dqg Mrqhv +4<<:, srlqw rxw/ wklv htxloleulxp lv eurdgo|
frqvlvwhqw zlwk rslqlrqv riwhq h{suhvvhg e| Dphulfdq yrwhuv1 W|slfdoo|/ wkh| duh
txlwh glvfrqfhuwhg zlwk wkh frpsrvlwlrq dqg dfwlrqv ri Frqjuhvv dv d zkroh exw/
dw wkh vdph wlph/ sohdvhg zlwk wkhlu rzq uhsuhvhqwdwlyh> wkh vwurqj lqfxpehqf|
dgydqwdjh ri vhuylqj ohjlvodwruv lq frqjuhvvlrqdo hohfwlrqv dovr ehdu whvwlprq| ri
wklv1 Lq wkh htxloleulxp vwxglhg/ yrwhuv lq dq| glvwulfw azrxog lqghhg kdyh d
kljkhu h{shfwhg xwlolw| li doo rwkhu glvwulfwv kdg uhsuhvhqwdwlyhv zlwk k	k Lcexw
wkh yrwhuv lq a frxog pdlqwdlq wkh lghqwlw| ri wkhlu rzq uhsuhvhqwdwlyh1
Wkh prgho lv reylrxvo| yhu| vw|ol}hg/ exw vwloo whdfkhv xv d ohvvrq= lw lv qrw
hqrxjk wr orrn dw wkh dssduhqw edujdlqlqj srzhuv wkdw glhuhqw ohjlvodwruv ghulyh
iurp d sduwlfxodu vhw ri ohjlvodwlyh uxohv/ dv wkhvh srzhuv duh hqgrjhqrxvo| prglhg
lq wkh lqwhudfwlrq zlwk wkhlu sulqflsdov/ wkh yrwhuv1 Lqwurgxflqj hohfwlrqv wkxv
sxvkhv wkh ohjlvodwlyh edujdlqlqj vroxwlrq wrzdugv d pruh h{wuhph rxwfrph dqg
qrw wrzdugv d pruh edodqfhg rqh/ dv pljkw kdyh ehhq wkh uvw jxhvv1 Wkh vdph
srlqw zloo uhdsshdu/ hyhq pruh irufhixoo|/ lq wkh qh{w vxe0vhfwlrq1
Qhyhuwkhohvv/ wkh prgho qhjohfwv lpsruwdqw dvshfwv ri wkh lqwhudfwlrqv ehwzhhq
hohfwlrqv dqg ohjlvodwlyh edujdlqlqj1 Vshflfdoo|/ wkhuh lv qr frqqhfwlrq ehwzhhq
wkh hohfwlrq rxwfrph dqg wkh sursrvdo uljkwv lq wkh ohjlvodwxuh1 Lq uhdolw|/ wkh
doorfdwlrq ri wkhvh sursrvdo uljkwv duh ghwhuplqhg e| wkh sduw| d!oldwlrq dqg
wkh vhqlrulw| ri ohjlvodwruv dqg fdq eh uhylvhg e| hdfk hohfwhg frqjuhvv1 Lq d uh0
pdundeoh sdshu/ PfNhoyh| dqg Ulh}pdq +4<<4, vwxg| wkhvh dvshfwv lq d g|qdplf
jdph lqyroylqj lqqlwho| uhshdwhg hohfwlrqv lq pxowlsoh glvwulfwv/ zkhuh hdfk qhzo|
hohfwhg frqjuhvv fdq vhw lwv rzq vhqlrulw| uxohv ehiruh hqjdjlqj lq ohjlvodwlyh edu0
jdlqlqj ryhu d {hg exgjhw1 PfNhoyh| dqg Ulh}pdq vkrz wkdw vhqlrulw| uljkwv lq
djhqgd vhwwlqj dqg d vwurqj hohfwrudo lqfxpehqf| dgydqwdjh ri vhqlru ohjlvodwruv
mrlqwo| hphujh dv d vwdwlrqdu| htxloleulxp rxwfrph1 Lqwhuhvwlqjo|/ wkh hqgrjhqrxv
vhqlrulw| uljkwv dsso| rqo| wr wkh lqlwldo sursrvdo1 Li sursrvdo uljkwv lq pxowl0urxqg
fdqglgdwh/ dw d frvw1 Wkh fdqglgdwh zlwk ￿X rswlpdoo| uxqqlqj dqg zlqqlqj dv dq +xqrssrvhg,
fdqglgdwh lq hdfk glvwulfw zrxog eh dq htxloleulxp/ li wkh hqwu| frvw zdv orz hqrxjk dqg wkh
ghidxow rxwfrph edg hqrxjk +jM ydoxdeoh hqrxjk,1 Vhh Frdwh +4<<:, iru d ixoo0 hgjhg dqdo|vlv
ri ohjlvodwlyh edujdlqlqj dqg hohfwlrqv lq d flwl}hq0fdqglgdwh prgho1
;:edujdlqlqj zhuh wr eh jlyhq lq wkh rughu ri ghfuhdvlqj vhqlrulw|/ vhqlru ohjlvodwruv
zrxog eh dw d glvdgydqwdjh lq wkh ohjlvodwlyh edujdlqlqj1 Dv wkh| zrxog kdyh
kljkhu frqwlqxdwlrq ydoxhv lq hdfk ohjlvodwlyh vhvvlrq/ lw zrxog eh pruh h{shqvlyh
wr eulqj wkhp lqwr wkh pdmrulw|/ lq wkh vdph zd| dv wkh yrwh ri orz k ohjlvodwruv
duh pruh h{shqvlyh lq wkh prgho ri wklv vxevhfwlrq1
44161 Oree|lqj dqg ohjlvodwlyh edujdlqlqj
Zh qrz vhw yrwhuv dvlgh dqg frqvlghu krz lq xhqfh dfwlylwlhv e| lqwhuhvw jurxsv
lqwhudfw zlwk ohjlvodwlyh edujdlqlqj1 Uhvhdufk rq wklv wrslf lv vwloo yhu| vfdqw18;
Rxu dqdo|vlv gudzv rq Khospdq dqg Shuvvrq +4<<;,1
Zlwk d vwuxfwxudo prgho ri jryhuqphqw ghflvlrq0pdnlqj/ lq sodfh ri d vlqjoh
srolf|pdnhu/ zh pxvw qrz wdnh d vwdqfh rq zkr oreelhv zkrp1 Zh uhvwulfw
hdfk lqwhuhvw jurxs wr pdnh frqwulexwlrqv rqo| wr d vlqjoh frqjuhvvpdq/ wkhlu
rzq1 Wklv nlqg ri {hg dvvrfldwlrq lv duelwudu| exw kdv vrph hpslulfdo vxssruw=
fdpsdljq frqwulexwlrqv lq wkh XV whqgv wr jr wr uhsuhvhqwdwlyhv iurp wkh vdph
glvwulfw dv wkh grqru/ ru wr d phpehu ri wkh frpplwwhh kroglqj mxulvglfwlrq ri
uhjxodwlrq ru judqwv dsso|lqj wr wkh grqru jurxs1 Iru Hxursh wkhuh lv pxfk ohvv
v|vwhpdwlf lqirupdwlrq derxw srolwlfdo frqwulexwlrqv/ exw lq vrph frxqwulhv/ wkhuh
duh yhu| wljkw uhodwlrqv ehwzhhq lqwhuhvw jurxsv/ olnh wudgh xqlrqv dqg djulfxowxudo
oreelhv/ dqg vshflf srolwlfdo sduwlhv18<
Ohjlvodwruv vwloo sod| wkh vdph ohjlvodwlyh edujdlqlqj jdph1 Zh uhwdlq v|p0
phwu| dvvxpswlrqv +lll, dqg +ly, ri wkh suhylrxv vxevhfwlrq1 Lq dgglwlrq/ zh dovr
devwudfw iurp dv|pphwulhv lq wkh rujdql}dwlrq dfurvv jurxsv dqg dvvxph wkdw doo
jurxsv duh rujdql}hg lq oreelhv= mOm 'Mlq wkh qrwdwlrq ri Vhfwlrq <1 Wkh
srolf| jdph lv dv lq Vhfwlrq ;/ exw zlwk dq dgglwlrqdo frqwulexwlrqv vwdjh1 Wkh
wlplqj lv dv iroorzv1 Iluvw/ Qdwxuh vhohfwv d ohjlvodwru/ a ' @c wr eh wkh djhqgd
vhwwhu1 Wkhq frqwulexwlrq vfkhgxohv duh vlpxowdqhrxvo| dqqrxqfhg e| wkh oreelhv
dqg revhuyhg e| doo ohjlvodwruv193 Ilqdoo|/ wkh djhqgd vhwwhu irupxodwhv d wdnh lw
8;Rqh dqwhfhghqw lv Jurvhforvh dqg Vq|ghu +4<<9, zkr vwxg| d jdph zkhuh wzr oreelhv ex|
yrwhv iurp ohjlvodwruv derxw wr ghflgh rq d sxeolf surmhfw1 Lqwhuhvwlqjo|/ wkh| vkrz wkdw zkhq
yrwhv duh erxjkw vhtxhqwldoo|/ wkh suhglfwlrq ri d plqlpxp zlqqlqj frdolwlrq pd| idlo1
8<Pxhoohu +4<;</ fk 44, jlyhv uhihuhqfhv wr wkh hpslulfdo olwhudwxuh rq fdpsdljq frqwulex0
wlrqv lq wkh X1V1, Vhh Olhehuw +4<<8, iru d glvfxvvlrq ri oree|lqj lq Hxurshdq sduoldpqwdu|
ghprfudflhv1
93Zlwk wkh rssrvlwh wlplqj +frqwulexwlrqv pdgh ￿uvw,/ lw zrxog eh qdwxudo wr dvvxph wkdw
frqwulexwlrqv zhuh pdgh frqwlqjhqw rq wkh vwdwxv ri wkh ohjlvodwru +djhqgd vhwwhu/ ru qrw,1 Wkh
uhvxowv zrxog eh lghqwlfdo wr wkh fdvh frqvlghuhg lq wkh wh{w1
;;ru ohdyh lw sursrvdo/ dqg wkh ohjlvodwxuh yrwhv rq wklv1 Li wkh sursrvdo lv ghihdwhg/
wkh ghidxow srolf| lv dv lq wkh suhylrxv vxevhfwlrq= } ' fc  'f Zh dvvxph wkdw
ohjlvodwruv rqo| fduh derxw wkh frqwulexwlrqv wkh| jhw1




@%d`aE}Kacfo li } lv vxssruwhg e| a
f rwkhuzlvh / +44143,
zkhuh wkh }hur frqwulexwlrq li d srolf| } lv qrw vxssruwhg e| ohjlvodwru a fdq eh
vkrzq wr eh dq rswlpdo vwudwhj|194 Dv lq vhfwlrq </ zh fdq wklqn ri Ka dv uhvhuyd0
wlrq xwlolwlhv ri jurxs a Uhsuhvhqwdwlyhv pd{lpl}h wkh ydoxh ri wkhlu frqwulexwlrqv/
dqg khqfh zdqw wkhvh uhvhuydwlrq ydoxhv wr eh dv orz dv srvvleoh1 Dv lq Vhfwlrq </
lqwhuhvw jurxsv pd{lpl}h wkhlu xwlolw| qhw ri wkhlu frqwulexwlrqv1 Wkxv/ wkh| zdqw
wkh uhvhuydwlrq xwlolwlhv lq +44143, wr eh dv kljk dv srvvleoh1
Frqvlghu uvw wkh djhqgd vhwwhu*v sureohp/ iru jlyhq frqwulexwlrq vfkhgxohv1














vxemhfw wr wkh lqfhqwlyh frpsdwlelolw| frqvwudlqwv wkdw ohjlvodwruv lq P duh ehwwhu












a f iru a 5P +44145,
+uhfdoo wkdw frqwulexwlrqv duh 3/ li wkh sursrvdo lv yrwhg grzq,1 Djdlq/ @ qgv lw
rswlpdo wr froohfw d plqlpxp zlqqlqj frdolwlrq/ l1h1 wr lqfoxgh rqo| [3￿
2 dgglwlrqdo
phpehuv lq P1L wl vh d v l o |v k r z qw k d w@%d`@E}o lv ghfuhdvlqj lq doo Ka / a 5
P Wkh djhqgd vhwwhu zdqwv wr vdwlvi| +44145, zlwk htxdolw| iru doo phpehuv ri wkh
pdmrulw|/ dv wklv pd{lpl}hv khu rzq glvwulfw*v xwlolw| dqg/ khqfh/ wkh frqwulexwlrq
wr khuvhoi1 Wkxv/ vkh slfnv wkh uhsuhvhqwdwlyhv zlwk wkh orzhvw ydoxhv ri Ka dv khu
frdolwlrq sduwqhuv/ vhwwlqj }a 'firu hyhu|rqh hovh/ dv lq Vhfwlrq 431
Qrz ohw xv uhwxuq wr wkh frqwulexwlrq vwdjh/ dqg frqvlghu wkh rswlpdo frqwul0
exwlrqv iru jurxs ac iru a 9' @1F o h d u o | /j u r x salv ehwwhu r li lwv uhsuhvhqwdwlyh
94Khospdq dqg Shuvvrq +4<<;, vkrz wkdw lqghhg htxloleulxp frqwulexwlrqv sd| }hur lq wkh
hyhqw wkdw d ohjlvodwru grhv qrw vxssruw d sursrvdo1 Wkh| dovr uhod{ wkh dvvxpswlrq wkdw ohjlvod0
wruv rqo| fduh derxw prqh| dqg vkrz wkdw wkh txdolwdwlyh uhvxowv duh qrw d￿hfwhg/ li ohjlvodwruv
dovr fduh derxw wkh zhoiduh ri wkhlu glvwulfw1
;<lv lqfoxghg lq wkh pdmrulw|/ dv orqj dv wkdw jlyhv dw ohdvw d wlq| slhfh ri sxeolf
jrrgv195 Wklv vhwv xs d hufh Ehuwudqg frpshwlwlrq dprqj wkh lqwhuhvw jurxsv1
Dv rqo| ohjlvodwruv zlwk wkh orzhvw uhvhuydwlrq xwlolwlhv duh lqfoxghg lq Pc wkh rqo|
htxloleulxp kdv hyhu| jurxs a vhwwlqj lwv uhvhuydwlrq xwlolw| dw wkh orzhvw srvvleoh
ohyho/ qdpho| Ka ' +  ￿
[ E
S
UM} }U Uhwxuqlqj wr wkh djhqgd vhwwhu*v sureohp lq







a 'f c doo a 9' @
Jurxs @ lpsohphqwv wklv fkrlfh dw wkh orzhvw frvw/ qdpho| }hur/ e| vhwwlqj lwv
uhvhuydwlrq xwlolw| K@ ' ME}@n+
} @
[
D xvhixo zd| ri wklqnlqj derxw wklv htxloleulxp lv wr uho| rq wkh vdph lqwxlwlrq
dv lq wkh suhylrxv vxevhfwlrq1 Hdfk lqwhuhvw jurxs edgo| zdqwv wr dyrlg wkdw klv
uhsuhvhqwdwlyh eh ohiw lq wkh plqrulw|/ vr wkdw lw rqo| sd|v wd{hv exw uhfhlyh qr
sxeolf jrrg1 Wr dyrlg wklv rxwfrph/ hdfk jurxs uhgxfhv lwv uhvhuydwlrq xwlolw|/ vr dv
wr pdnh wkh yrwh ri khu uhsuhvhqwdwlyh fkhdshu wr ex|1 Dv doo lqwhuhvw jurxsv kdyh
wkh vdph remhfwlyh/ wklv frpshwlwlrq gulyhv htxloleulxp sxeolf jrrgv grzq wr }hur
iru hyhu| glvwulfw1 Reylrxvo|/ wkh glvwulfw ri wkh djhqgd vhwwhu lv wkh ehqhfldu|1
Wkh orjlf lv vlplodu wr wkdw lq Gl{lw/ Jurvvpdq dqg Khospdq +4<<:,/ zkr vwxg| d
jhqhudo frpprq djhqf| prgho/ dqg vkrz wkdw frpshwlwlrq ehwzhhq wkh lqwhuhvw
jurxsv doorzv wkh vlqjoh jryhuqphqw wr lpsohphqw lwv suhihuuhg vroxwlrq1 Exw khuh/
wkh ehqhw jrhv wr rqh srzhuixo glvwulfw/ qrw wr d vhpl0ehqhyrohqw jryhuqphqw1
Qrwh wkdw dovr lq wklv fdvh/ srolwlfldqv froohfw qr frqwulexwlrqv lq htxloleulxp1
Fohduo|/ wklv grhv qrw surylgh d vdih jurxqg iru frqfoxglqj wkdw lq xhqfh dfwlylwlhv
duh xqlpsruwdqw/ dv vrph frpphqwdwruv olnh Wxoorfn +4<;;, kdyh vxjjhvwhg1 Qrwh
dovr wkdw lq htxloleulxp/ hyhu| ohjlvodwru lv zloolqj wr yrwh iru wkh sursrvdo +dw
ohdvw wkh| gr qrw kdyh dq| lqfhqwlyh wr yrwh djdlqvw lw,1 Wkxv/ ghvslwh wkh irufh
ri plqlpxp0zlqqlqj frdolwlrqv rxwvlgh ri htxloleulxp/ wkh htxloleulxp pdmrulw| lv
pruh wkdq plqlpdo1 Wkh prgho lv wkxv frqvlvwhqw zlwk d vw|ol}hg idfw/ xqghuo|lqj
wkh olwhudwxuh rq xqlyhuvdolvp lq wkh XV Frqjuhvv/ qdpho| wkdw glvwulexwlyh
eloov riwhq sdvv zlwk eurdg pdmrulwlhv1 Exw wkh xqlyhuvdolvp olwhudwxuh kdv zhdn
plfursrolwlfdo xqghuslqqlqjv +lw lv kdug wr prgho dv wkh rxwfrph ri dq h{whqvlyh
irup jdph,/ dqg xqlyhuvdolvp lv riwhq dffrxqwhg iru e| uhihuulqj wr d qrup
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<3ri ghihuhqfh +|rx vfudwfk p| edfn dqg L vfudwfk |rxuv,1 Lq rxu vhwwlqj zh
frxog lpdjlqh d vhtxhqfh ri ohjlvodwlyh vhvvlrqv/ zkhuh glhuhqw uhsuhvhqwdwlyhv
+dssur{lpdwlqj glhuhqw frpplwwhhv, wdnh wxuqv dv djhqgd vhwwhuv1 Wkh rxwfrph
diwhu wkhvh vhvvlrqv zrxog frlqflgh zlwk d xqlyhuvdolvw doorfdwlrq/ olnh wkh rqh lq
Zhlqjdvw/ Vkhsvoh dqg Mrkqvhq +4<;4,1
Qrwh dovr wkdw wkh uhvxowv rewdlqhg lq wklv vhfwlrq duh qrw d frqyh{ frpelqdwlrq
ri wkh uhvxowv lq wkh sduwldo prghov vwxglhg deryh1 Vshflfdoo|/ wkh glvwulexwlrq
ri ehqhwv lv pruh vnhzhg wkdq lq wkh ohjlvodwlyh edujdlqlqj prgho ri Vhfwlrq ;/
hyhq wkrxjk wkh oree|lqj prgho ri Vhfwlrq < suhglfwhg d yhu| hyhq glvwulexwlrq
ri ehqhwv +zlwk doo jurxsv rujdql}hg dqg v|pphwulf dv zh kdyh dvvxphg lq wklv
vhfwlrq/ wkh frpprq djhqf| prgho suhglfwv htxdo Ka iru doo a,
Wkhvh uhvxowv looxvwudwh/ zlwk dgglwlrqdo irufh/ wkh jhqhudo srlqw pdgh lq wkh
suhylrxv vxevhfwlrq= rswlpdo sulydwh ehkdylru dowhuv wkh edujdlqlqj srzhuv lq0
khuhqw lq ohjlvodwlyh surfhgxuhv1 Khuh/ wkh| dpsoli| wkh plvdoorfdwlrq ri sxeolf
jrrgv e| d ohjlvodwxuh zkhuh djhqgd vhwwlqj srzhuv duh frqihuuhg xsrq lqglylgxdo
phpehuv ru frpplwwhhv1 Qdwxudoo|/ wkh vlpsoh vwuxfwxuh ri wklv jdph jlyhv ulvh wr
dq h{wuhph rxwfrph1 Uhdo zruog ohjlvodwxuhv kdyh lqwurgxfhg ydulrxv vdihjxdugv
djdlqvw vxfk h{wuhph rxwfrphv1 Vrph ri wkhvh kdyh douhdg| ehhq glvfxvvhg lq
V h f w l r q;d q gv r p hr w k h u vz l o oe hg l v f x v v h gl qS d u wL L L 1Z hw k x vz d q ww rj l y h
ixuwkhu hpskdvlv wr wkh jhqhudo orjlf wkdq wr vshflf uhvxowv1
44171 Qrwhv rq wkh olwhudwxuh
Rxu prgho ri wkh lqwhudfwlrq ehwzhhq hohfwlrqv dqg oree|lqj lq vxevhfwlrq 4414
gudzv rq Edurq +4<<7,/ Jurvvpdq dqg Khospdq +4<<9e, dqg Ehqhggvhq +4<<;,1
Ehvoh| dqg Frdwh +4<<9, vwxg| oree|lqj dqg hohfwlrqv lq d flwl}hq0fdqglgdwh prgho/
Ulh}pdq dqg Zlovrq +4<<:, vwxg| ohjdo uhglvwulexwlrqv ru frqwulexwlrqv lq d vhw0
wlqj zkhuh srolf|pdnhuv frpshwh iru wkh vxssruw ri glhuhqw oreelhv1 Dq hduo|
frqwulexwlrq rq wkh lqwhudfwlrq ehwzhhq oree|lqj dqg hohfwlrqv lv Dxvwhq0Vplwk
+4<;:,1
Wkh lqwhudfwlrq ehwzhhq hohfwlrqv dqg ohjlvodwlyh ehkdylru lv qdwxudoo| ri uvw0
rughu lpsruwdqfh lq srolwlfdo hfrqrplfv1 Wkhuh lv qrw pxfk irupdo zrun frpelq0
lqj dq h{whqvlyh irup ohjlvodwlyh jdphv zlwk hohfwlrqv dqg udwlrqdo yrwhuv/ zklfk
pljkw eh gxh wkh gl!fxow| ri wkhvh lvvxhv1 Dxvwhq0Vplwk dqg Edqnv +4<;;, dqg
Edurq +4<<6, duh dprqj wkh ihz wkdw kdyh vwxglhg wkh lqwhudfwlrq ehwzhhq yrw0
lqj dqg jryhuqphqw irupdwlrq lq d wkuhh0sduw| vhwwlqj1 PfNhoyh| dqg Ulh}pdq
+4<<4, vwxg| wkh lqwhudfwlrqv ehwzhhq yrwlqj dqg ohjlvodwlyh edujdlqlqj dqg vkrz
<4krz d vhqlrulw| v|vwhp pd| hphujh hqgrjhqrxvo| lq d vhtxhqfh ri frqjuhvvlrqdo
hohfwlrqv1 Vxevhfwlrq 4415 gudzv rq Fkdul/ Pdulprq dqg Mrqhv +4<<:,1 Frdwh
+4<<:, ghprqvwudwhv wkdw wkh vwudwhjlf ghohjdwlrq htxloleulxp frqvlghuhg e| wkhvh
dxwkruv lv frqvlvwhqw zlwk hqgrjhqrxv hqwu| lq d flwl}hq0fdqglgdwh prgho1
Zrun rq wkh lqwhughshqghqflhv ehwzhhq oree|lqj dqg ohjlvodwlrq/ dvvxplqj ud0
wlrqdo ehkdylru ri lqwhuhvw jurxsv dqg ohjlvodwruv/ lv hyhq pruh vfdufh1 Ghq}dx
dqg Pxqjhu +4<;9, vwxg| d uhgxfhg0irup prgho zkhuh lqwhuhvw jurxsv jlyh frq0
wulexwlrqv wr ohjlvodwruv zkr fkrrvh hruw rq glhuhqw ohjlvodwlyh dfwlylwlhv vr dv
wr pd{lpl}h h{shfwhg yrwhv1 Jurvhforvh dqg Vq|ghu +4<<9, vwxg| d jdph zkhuh
wzr oreelhv ex| yrwhv iurp ohjlvodwruv zkr zloo wdnh d ghflvlrq rq d sxeolf surmhfw1
Vxevhfwlrq 4416 gudzv rq Khospdq dqg Shuvvrq +4<<;,1
Sduw LLL
Frpsdudwlyh srolwlfv
Zh riwhq wdnh lw dv jlyhq wkdw ghprfudwlf frxqwulhv duh uhsuhvhqwdwlyh/ udwkhu wkdq
gluhfw/ ghprfudflhv1 \hw/ dw d ghhshu ohyho/ wkh udwlrqdoh dqg wkh lpsolfdwlrqv iru
wkh ghohjdwlrq ri frqwuro uljkwv wr hohfwhg r!fh kroghuv/ udwkhu wkdq wkh ghohjdwlrq
ri phuh dgplqlvwudwlrq/ duh qrw zhoo xqghuvwrrg1 Zh pd| eurdgo| frqvlghu wkh
xqghuo|lqj uhdvrqv iru ghohjdwlrq wr eh frvwo| dftxlvlwlrqv ri lqirupdwlrq1 Xqohvv
wkh suhihuhqfhv ri wkh flwl}hqv dqg wkhlu hohfwhg ohdghuv duh frpsohwho| doljqhg/
krzhyhu/ ghohjdwlrq ri srolwlfdo frqwuro uljkwv fuhdwhv d sulqflsdo0djhqw sureohp
ehwzhhq wkh yrwhuv dqg wkhlu hohfwhg uhsuhvhqwdwlyhv1 Wr plqlpl}h wkh dgyhuvh
frqvhtxhqfhv ri wklv djhqf| sureohp wkhq ehfrphv rqh lpsruwdqw uroh ri wkh
frqvwlwxwlrq1
Wkh sulqflsdo0djhqw uhodwlrqvkls ehwzhhq yrwhuv dqg uhsuhvhqwdwlyhv hqwdlov
vrph vshfldo ihdwxuhv qrw dozd|v suhvhqw lq wkh djhqf| sureohpv w|slfdoo| vwxglhg
e| hfrqrplvwv1 Iluvw/ yrwhuv duh frqvwudlqhg wr rhu lpsolflw uhzdugv/ wkurxjk
uhdssrlqwphqw dw hohfwlrqv/ udwkhu wkdq h{solflw prqhwdu| lqfhqwlyhv1 Vhfrqg/
dqg pruh lpsruwdqw/ xqeldvhg hqirufhphqw ri ghwdlohg srolwlfdo frqwudfwv ehwzhhq
srolwlfldqv dqg yrwhuv dw odujh pd| eh sureohpdwlf ru lpsrvvleoh1 Srolwlfv lv wkh
vrxufh ri vxsuhph dxwkrulw|= d frqvwlwxwlrqdo frxuw zrxog orvh lwv ohjlwlpdf| li
l wk d gw ru x o hr qg h w d l o h gs r o l f |l v v x h v /d q gw k hd s s r l q w p h q wr ix q e l d v h gm x g j h v
frxog eh gl!fxow li wkhlu gholehudwlrqv kdg d gluhfw lpsdfw rq wkh hohfwrudo vxffhvv
ri rqh ru wkh rwkhu ri wkh srolwlfdo frqwhqghuv1 Wklug/ dq h{solflw frqwudfw ehwzhhq
<5srolwlfdo uhsuhvhqwdwlyhv dqg yrwhuv pd| eh xqihdvleoh gxh wr wkh frpsoh{lw| ri
wkh lvvxhv dqg wkh qxpehu ri sduwlhv lqyroyhg1 Zkdwhyhu wkh uhdvrqv/ lq wkh
uhdo zruog/ zh gr qrw revhuyh frpsohwh frqvwlwxwlrqdo frqwudfwv ehwzhhq yrwhuv
dqg uhsuhvhqwdwlyhv1 Srolwlfdo frqvwlwxwlrqv duh w|slfdo h{dpsohv ri lqfrpsohwh
frqwudfwv= wkh| doorfdwh frqwuro uljkwv ryhu srolf|pdnlqj wr glhuhqw lqglylgxdov
ru jurxsv/ lq wkh vdph zd| dv lqfrpsohwh frqwudfwv doorfdwh frqwuro uljkwv wr
glhuhqw vwdnhkroghuvvxfk dv htxlw| kroghuv/ ghewruv/ dqg pdqdjhuvlq d up
+Kduw +4<<8,,1 Wkh vwxg| ri frpsdudwlyh srolwlfv wkhq ehfrphv dq lqyhvwljdwlrq
ri krz jryhuqphqw srolf| ghflvlrqv duh vkdshg e| wkh vshflf dvvljqphqw ri wkh
sursrvdo/ dphqgphqw/ yhwr dqg jdwh0nhhslqj uljkwv e| wkh srolwlfdo uhjlph/ dv zhoo
dv wkh vshflf dvvljqphqwv ri dssrlqwphqw uljkwv e| wkh hohfwrudo uxoh1
Lq wklv odvw sduw ri wkh fkdswhu/ zh glvfxvv krz wklv lqfrpsohwh frqwudfw
shuvshfwlyh fdq eh dssolhg wr sxeolf qdqfh/ sd|lqj sduwlfxodu dwwhqwlrq wr wkh
djhqf|0lqfhqwlyh sureohpv1 Zh duh qrw lqwhuhvwhg lq qglqj wkh rswlpdo doorfd0
wlrq ri frqwuro uljkwv/ exw udwkhu lq xqghuvwdqglqj wkh frqvhtxhqfhv ri dowhuqdwlyh
irupv ri lqfrpsohwh frqwudfwv iru srolf| fkrlfhv1 Frpsdudwlyh srolwlfv/ wkdw lv/
wkh frpsdulvrq ri dowhuqdwlyh srolwlfdo frqvwlwxwlrqv/ wkxv dprxqwv wr d frpsdul0
vrq ri dowhuqdwlyh doorfdwlrqv ri frqwuro uljkwv ryhu srolf| ghflvlrqv1 Hyhq wkrxjk
wkh odqjxdjh lv vrphzkdw glhuhqwdqg wkh suhflvh udwlrqdoh iru wkh ghohjdwlrq
lv uduho| vshoohg rxwvxfk dq djhqf| dqg lqfrpsohwh frqwudfw dssurdfk lv uhdoo|
dw wkh fruh ri wkh sxeolf0fkrlfh wudglwlrq/ vwhpplqj iurp wkh vhplqdo zrun ri
Exfkdqdq dqg Wxoorfn +4<95,> djdlq/ Pxhoohu +4<;<,/ +4<<:, vxuyh| wkh hduolhu olw0
hudwxuh1 Dv lq Sduw LL/ wkh pruh uhfhqw frqwulexwlrqv duh pruh h{solflw lq vshoolqj
rxw vshflf frqvwlwxwlrqdo ghwdlov/ dqg kdyh jrqh ixuwkhu lq dvvxplqj udwlrqdolw|
e| srolwlfdo dfwruv1
Zh lqwurgxfh wkh srolwlfdo djhqf| sureohp lq Vhfwlrq 45= hohfwhg uhsuhvhqwd0
wlyhv fkrrvh wkh vxsso| ri sxeolf jrrgv dqg wd{dwlrq/ exw fdq glyhuw uhvrxufhv iurp
wkh yrwhuv dw odujh1 Doo yrwhuv duh dolnh dqg dozd|v xqdqlprxv1 Wkxv/ wkurxjkrxw
wkh vhfwlrq/ zh h{foxvlyho| irfxv rq wkh frq lfw ri lqwhuhvw ehwzhhq srolwlfldqv
dqg yrwhuv dw odujh1 Lq vxevhfwlrq 4514/ zh vwduw e| dvnlqj zkhwkhu wkh djhqf|
sureohp glvdsshduv li srolwlfldqv fdq hqwhu lqwr elqglqj dqg ghwdlohg frpplwphqwv
ryhu hfrqrplf srolf|1 D qglqj zklfk pljkw eh vxusulvlqj lv wkdw djhqf| uhqwv
duh qrw qhfhvvdulo| glvvlsdwhg/ hyhq lq vxfk dq lghdo hqylurqphqw1 Lq sduwlfxodu/
li frpshwlqj srolwlfdo fdqglgdwhv zlwk lghqwlfdo hohfwrudo sodwirupv uhpdlq glhu0
hqw lq wkh h|hv ri wkh yrwhuv/ dw ohdvw lq d suredelolvwlf vhqvh/ uhqw glvvlsdwlrq lv
lqfrpsohwh/ dqg srolwlfldqv fdq jhw dzd| zlwk vrph uhqwv1 Vxevhfwlrq 4515 wxuqv
wr dq lqfrpsohwh frqwudfw vhw0xs/ zkhuh elqglqj hohfwrudo frpplwphqwv fdqqrw
<6eh hqirufhg dqg srolf| lv fkrvhq glvfuhwlrqdoo|/ rqfh lq r!fh1 Dgdswlqj wkh dujx0
phqwv lq Eduur +4<:6, dqg Ihuhmrkq +4<;9,/ zh vkrz wkdw hohfwlrqv wdnh rq d qhz
uroh= udwkhu wkdq vhohfwlqj wkh ehvw srolf| sodwirup/ hohfwlrqv fuhdwh lqfhqwlyhv iru
r!fh0vhhnlqj srolwlfldqv wr ehkdyh lq wkh yrwhuv* lqwhuhvw1 Exw hohfwlrqv duh qrw
wkh rqo| phdqv ri suhyhqwlqj dexvh ri srzhu1 Dv wkh irxqglqj idwkhuv ri wkh XV
frqvwlwxwlrq xqghuvwrrg orqj djr/ dssursuldwh doorfdwlrq ri frqwuro uljkwv 0 dssur0
suldwh fkhfnv dqg edodqfhv 0 duh dovr lpsruwdqw1 Iroorzlqj Shuvvrq/ Urodqg dqg
Wdehoolql +4<<:,/ zh looxvwudwh krz wr dqdo|}h wkhvh ixqgdphqwdo lvvxhv lq srolwlfdo
wkhru| lq vxevhfwlrq 45161 Wkh pdlq uhvxow lv wkdw vhsdudwlrq ri srzhuv/ wkdw
lv d vshflf doorfdwlrq ri sursrvdo dqg yhwr uljkwv/ uhgxfhv htxloleulxp uhqwv fds0
wxuhg e| srolwlfldqv1 Wkh uhdvrq lv wkdw vhsdudwlrq ri srzhuv fuhdwhv d frq lfw ri
lqwhuhvw ehwzhhq hohfwhg r!fldov1 Wklv lv h{sorlwhg e| wkh yrwhuv/ lq rughu wr olplw
wkh dexvh uhvxowlqj iurp frqwudfw lqfrpsohwhqhvv ru dv|pphwulf lqirupdwlrq1
Lq vhfwlrq 46/ zh frqwlqxh wr dvvxph wkdw hohfwrudo surplvhv fdqqrw eh hq0
irufhg/ exw zh gurs wkh dvvxpswlrq wkdw yrwhuv duh xqdqlprxv1 Qrz/ srolf| fdq
uhglvwulexwh dprqj yrwhuv/ dqg glhuhqw jurxsv ri yrwhuv vhhn wr h{sorlw wkh sro0
lf|pdnlqj surfhvv wr wkhlu dgydqwdjh1 Dv lq vhfwlrq 45/ srolwlfldqv fdq h{wudfw
uhqwv/ vr wkdw wkhuh lv d frq lfw ehwzhhq yrwhuv dw odujh dqg srolwlfldqv/ dv zhoo
dv dprqj wkh srolwlfldqv frpshwlqj iru wkhvh uhqwv1 Zh wkxv kdyh d frpsolfdwhg
pxowl0sulqflsdo/ pxowl0djhqw sureohp zlwk frq lfwv lq wkuhh glphqvlrqv= ehwzhhq
yrwhuv dqg srolwlfldqv/ dprqj yrwhuv/ dqg dprqj srolwlfldqv1 Gudzlqj rq uh0
fhqw zrun e| Glhuphlhu dqg Ihgghuvhq +4<<;, dqg Shuvvrq/ Urodqg dqg Wdehoolql
+4<<;d,/ zh frqwudvw vrph vw|ol}hg frqvwlwxwlrqdo ihdwxuhv ri suhvlghqwldo dqg sdu0
oldphqwdu| ghprfudflhv1 Wkh dvvljqphqw ri frqwuro uljkwv ryhu ohjlvodwlrq glhuv
dfurvv wkhvh wzr uhjlphv/ zklfk ohdgv wr yhu| glhuhqw htxloleulxp srolf| fkrlfhv1
Wklv dssurdfk lv rqo| lq lwv lqidqf| dqg zh duh vwloo yhu| idu iurp d v|vwhp0
dwlf nqrzohgjh ri krz glhuhqw frqvwlwxwlrqdo ihdwxuhv vkdsh vfdo srolf| fkrlfhv1
Jlyhq wkh fkdoohqjhv iru srvlwlyh sxeolf qdqfh olvwhg dw wkh rxwvhw ri wkh fkdswhu/
krzhyhu/ wkh frpsdudwlyh srolwlfv dssurdfk krogv yhu| kljk surplvhv dqg vxjjhvwv
d ulfk djhqgd iru ixwxuh uhvhdufk1
Wkh lvvxhv glvfxvvhg lq wklv odvw sduw vxjjhvw pdq| lqwhuhvwlqj lqvwlwxwlrq0
ghvljq txhvwlrqv/ erwk srvlwlyh dqg qrupdwlyh1 Krz vkrxog frqvwlwxwlrqv eh gh0
vljqhgB Zk| gr zh revhuyh wkh h{lvwlqj frqvwlwxwlrqv lq glhuhqw frxqwulhv lq wkh
Zhvwhuq zruogB Duh wkh wkhruhwlfdo suhglfwlrqv dvvrfldwlqj frqvwlwxwlrqdo irup
dqg srolf| fkrlfh frqvlvwhqw zlwk furvv0frxqwu| dqg wlph0vhulhv hylghqfh phq0
wlrqhg lq wkh Jhqhudo LqwurgxfwlrqB Dw wkh fxuuhqw vwdwh ri nqrzohgjh zh kdyh
ihz/ ohw dorqh vdwlvidfwru|/ dqvzhuv/ wr vxfk ixqgdphqwdo txhvwlrqv1 Exw zh dgg d
<7ihz eulhi uhpdunv rq krz rqh pljkw wklqn derxw wkhp lq wkh odvw vhfwlrq ri wkh
fkdswhu1
451 Djhqf| frvwv dqg fkhfnv dqg edodqfhv
Wr dqdo|}h djhqf| sureohpv ehwzhhq yrwhuv dqg srolwlfldqv lq dv vlpsoh dqg vwdun
irup dv srvvleoh/ zh glvuhjdug doo frq lfwv ri lqwhuhvw ehwzhhq glhuhqw jurxsv
ri yrwhuv1 Wkxv/ wkhuh duh qr uhglvwulexwlyh lqvwuxphqwv dqg doo yrwhuv vkduh wkh
vdph suhihuhqfhv/ qdpho|=
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Wkh qrwdwlrq lv dv ehiruh/ zlwk } qrz ghqrwlqj d sxeolf jrrg ehqhwwlqj doo
yrwhuv1 Srsxodwlrq vl}h lv  dqg wkh jryhuqphqw froohfwv wrwdo wd{ uhyhqxh c
zklfk lv xvhg lq wkh surgxfwlrq ri wkh sxeolf jrrg1 Wklv surgxfwlrq surfhvv
doorzv srolwlfldqv lq r!fh wr dssursuldwh vrph uhqwv ru vtxdqghu vrph uhvrxufhv/
o1 Wkhvh uhqwv ehqhw srolwlfldqv dw wkh yrwhuv* h{shqvh1 Zh wkxv zulwh wkh exgjhw
frqvwudlqw
} '  oc
zkhuh wkh vl}h ri o lv dovr d srolf| fkrlfh1 Iru h{dpsoh/ zh pd| wklqn ri o
dv d gluhfw glyhuvlrq ri uhvrxufhv iru sulydwh jdlq/ dv qrq0frvw hhfwlyh ghihqvh
sxufkdvhv ehqhwwlqj wkh r!fh kroghu ru klv iulhqgv/ ru dv exloglqj d eulgjh lq wkh
zurqj sodfh iru prvw yrwhuv/ exw lq wkh uljkw sodfh iru d vpdoo jurxs ri ehqhidfwruv1
Gxh wr xqprghohg wudqvdfwlrq frvwv/ srolwlfldqv rqo| dssursuldwh d iudfwlrq c
f 		 cri wkh uhvrxufhv o glyhuwhg iurp wkh surylvlrq ri wkh sxeolf jrrg/
wkh uhvw lv zdvwhg1 Wkh vl}h ri wkhvh wudqvdfwlrq frvwv frxog eh ghwhuplqhg e|
wkh wudqvsduhqf| ri wkh srolf| pdnlqj surfhvv/ ru e| rwkhu lqvwlwxwlrqdo ihdwxuhv
uhodwlqj wr wkh h{hfxwlrq ri wkh exgjhw/ exw khuh zh mxvw wuhdw lw dv d sdudphwhu1
Ilqdoo|/ zh uhvwulfw }c dqg o wr eh qrq0qhjdwlyh1
Fohduo|/ zlwkrxw wkh djhqf| sureohp/ wkh rswlpdo srolf| iurp wkh ylhzsrlqw
ri wkh yrwhuv zrxog dozd|v vhw o 'fd q gk d y hs x e o l fj r r g vi x o  o ow k hV d p x h o v r q
fulwhulrq=
M}E}'  +4514,
Zh qrz dvn krz idu hohfwlrqv fdq jr lq hqiruflqj wklv doorfdwlrq1
<845141 Hohfwrudo frpshwlwlrq
D qdwxudo lghd lv wkdw hohfwrudo frpshwlwlrq ehwzhhq r!fh0prwlydwhg fdqglgdwhv
zrxog glvflsolqh wkhvh dqg olplw uhqw h{wudfwlrq +Zlwwpdq +4<;<,,1 Lw wxuqv rxw
wkdw wklv rqo| krogv xqghu vshfldo flufxpvwdqfhv/ qdpho| li= +d, elqglqj hohfwrudo
surplvhv duh ihdvleoh/ dqg +e, wkh wzr fdqglgdwhv duh lghqwlfdo dqg khqfh shuihfw
vxevwlwxwhv lq wkh h|hv ri wkh yrwhuv1 Wkurxjkrxw wklv vxevhfwlrq/ zh uhwdlq wkh
dvvxpswlrq ri ixoo frpplwphqw gxulqj wkh hohfwrudo fdpsdljq/ dqg looxvwudwh wkh
uroh ri shuihfw vxevwlwxwdelolw| ehwzhhq wkh fdqglgdwhv1 Zh wkxv dvvxph wkh iro0
orzlqj wlplqj= +l, Erwk fdqglgdwhv vlpxowdqhrxvo| dqqrxqfh d srolf| sodwirup1
+ll, Yrwhuv yrwh iru wkh fdqglgdwh zkr jlyhv wkhp wkh kljkhvw h{shfwhg xwlolw|> li
lqglhuhqw/ wkh| wrvv d frlq1 +lll, Wkh srolf| sodwirup ri wkh zlqqlqj fdqglgdwh
lv lpsohphqwhg1 Wkxv/ zh lpsolflwo| vd| wkdw wkhuh lv dq lqghshqghqw dqg ehqhy0
rohqw mxglfldu| zkr fdq ixoo| hqirufh wkh fdpsdljq surplvhv ri erwk fdqglgdwhv1
Wklv frpplwphqw dvvxpswlrq lv gursshg lq wkh qh{w vxevhfwlrq1
Frqvlghu uvw d Grzqvldq vhwwlqj/ olnh lq wkh pdmru sduw ri Sduw L= wzr lghqwlfdo
r!fh0prwlydwhg fdqglgdwhv +sduwlhv,/ U ' uc-c frpshwh iru yrwhv lq qdwlrq zlgh0




zkhuh (E lv wkh h{shfwdwlrqv rshudwru wdnhq ryhu hohfwlrq rxwfrphv/ RU lv wkh
suredelolw| wkdw sduw| U zlqv wkh hohfwlrq/ dqg -:flv dq h{rjhqrxv ehqhw
iurp kroglqj r!fh/ wr eh frqvlghuhg dv vrph edvlf vdodu| soxv dq| hjr0uhqwv dqg
dgglwlrqdo suhvwljh dvvrfldwhg zlwk srolwlfdo ohdghuvkls1
Wkh vroxwlrq lv vlpsoh1 Erwk fdqglgdwhv duh gulyhq wr surplvh wkh h!flhqw
srolf| dqg wr frpsohwho| devwdlq iurp dq| glyhuvlrq= o 'f Dv wkh yrwhuv dozd|v
hohfw wkh fdqglgdwh zlwk wkh prvw h!flhqw srolf| sodwirup/ frpshwlwlrq ryhu wkh
h{rjhqrxv uhqwv/ -c gulyhv wkh hqgrjhqrxv uhqwv o wr }hur1 Lq wkh xqltxh htxlole0
ulxp/ erwk fdqglgdwhv uhvljq dq| fodlp rq o wr suhvhuyh d fkdqfh wr fodlp dw ohdvw
-1 Khuh/ wkh Fklfdjr vfkrro fodlp lv fruuhfw dqg wkh htxloleulxp lv h!flhqw1 Lq
wklv fdvh/ uhsuhvhqwdwlyh ghprfudf| zrunv dv d frpsohwh frqwudfw/ dqg wkh ghoh0
jdwlrq wr dq hohfwhg srolwlfldq grhv qrw phdq wkdw yrwhuv kdyh doorfdwhg frqwuro
uljkwv ryhu srolf| lq dq| phdqlqjixo vhqvh1
Hyhq zlwk ixoo frpplwphqw/ h!flhqf| euhdnv grzq li wkh wzr fdqglgdwhv duh
shufhlyhg dv glhuhqw ryhu vrph glphqvlrq e| wkh yrwhuv/ dqg khqfh dv lpshuihfw
vxvevwlwxwhv1 Wr looxvwudwh wklv srlqw/ ruljlqdoo| gxh wr Sror +4<<;, dqg Vyhqvvrq
+4<<:d,/ frqvlghu wkh vhwwlqj ri d suredelolvwlf yrwlqj prgho/ dv lq vhfwlrq 431
<9Wkh wzr fdqglgdwhv qrz glhu lq vrph {hg lghrorjlfdo glphqvlrq1 Iru vlpsolflw|/
zh frqwlqxh wr vxssrvh wkdw doo yrwhuv duh dolnh dqg hydoxdwh wkhvh lghrorjlfdo
sduw| glhuhqfhv lq wkh vdph zd|196 Dv lq vhfwlrq 43/ wkh yrwhuv* +djjuhjdwh,
lghrorjlfdo suhihuhqfhv duh xqnqrzq wr erwk sduwlhv/ zkhq srolf| sodwirupv duh
dqqrxqfhg1 Wkxv/ iurp wkh sduwlhv* srlqw ri ylhz/ wkhlu dyhudjh srsxodulw| lv d
udqgrp yduldeoh/ h w Xvlqj wkh vdph qrwdwlrq dv suhylrxvo|/ doo yrwhuv suhihu sduw|
- li h w	` E } - co-`E}uco uc zkhuh `E}Uco U  +E} U no U* n ME}U
ghqrwhv wkh yrwhuv* lqgluhfw xwlolw| ixqfwlrq/ jlyhq wkh hfrqrplf srolf| dqqrxqfhg
e| sduw| U Zh frqwlqxh wr dvvxph wkdw h w lv xqlirupo| glvwulexwhg rq d ￿
2￿c ￿
2￿o














Idfhg zlwk wklv hohfwlrq suredelolw|/ fdqglgdwh - vhwv srolf| wr pd{lpl}h h{shfwhg
ryhudoo uhqwv lq +4515, dqg vr grhv fdqglgdwh uc zlwk Ru 'E R - E| v|pphwu|/
erwk fdqglgdwhv fkrrvh wkh vdph sodwirupv/ h{dfwo| dv lq Vhfwlrq 431
Zkdw grhv wkh htxloleulxp srolf| sodwirup orrn olnhB Lw lv vwudljkwiruzdug wr
vkrz wkdw vshqglqj rq sxeolf jrrgv lv dozd|v vrfldoo| rswlpdo197 Exw h!flhqf|
grhv qrw dovr h{whqg wr uhqw h{wudfwlrq1 Iru wklv sxusrvh/ frqvlghu wkh uvw0rughu
frqglwlrq iru o-/ vxemhfw wr +4516, dqg hydoxdwhg lq htxloleulxp=
Yd(E-o
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zkhuh wkh vhfrqg htxdolw| iroorzv iurp `o ' * dqg R- ' ￿
2 lq htxloleulxp1
Wkh vhfrqg urz vwdwhv wkh frpsohphqwdu| vodfnqhvv frqglwlrq iru o Zh fdq uhzulwh
wkh odwwhu dv=
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96Yrwhu khwhurjhqhlw| grhv qrw fkdqjh wkh uhvxowv/ wkrxjk lw dggv rwkhu lpsolfdwlrqv> vhh Sror
+4<<;, dqg Shuvvrq dqg Wdehoolql +4<<<,
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Dv Zju @3 >wkh vshqglqj rq sxeolf jrrgv lv vrfldoo| rswlpdo/ zkdwhyhu wkh ohyho ri u1
<:Wkxv/ htxloleulxp uhqwv fdq eh srvlwlyh/ zklfk lv pruh olnho| li wkh ydoxh ri zlqqlqj
wkh hohfwlrq shu vh lv orz +l1h1 - lv orz,/ wudqvdfwlrq frvwv  duh orz/ ru hohfwrudo
xqfhuwdlqw| lv kljk + lv orz,1 Zk| duh uhqwv qrw frpshwhg dzd|/ dv lq wkh
Grzqvldq prghoB Wkh uhdvrq lv wkdw wkh wzr fdqglgdwhv duh qr orqjhu lghqwlfdo lq
wkh h|hv ri wkh yrwhuv/ dqg khqfh/ wkh hohfwlrq rxwfrph grhv qrw rqo| ghshqg rq
wkh dqqrxqfhg hfrqrplf srolf|1 Erwk fdqglgdwhv duh qrw vxuh zkhwkhu dqqrxqflqj
edg hfrqrplf srolflhv zrxog eh sxqlvkhg e| wkh yrwhuv1 Lq wkh Grzqvldq vhwwlqj/
li rqh fdqglgdwh dqqrxqfhg odujhu uhqwv wkdq klv rssrqhqw> klv suredelolw| ri
zlqqlqj zrxog glvfrqwlqxrxvo| mxps wr 31 Hohfwrudo frpshwlwlrq zrxog wkhq ohdg
wr ixoo uhqw glvvlsdwlrq1 Gxh wr hohfwrudo xqfhuwdlqw|/ wkh suredelolw| ri zlqqlqj
khuh lqvwhdg idoov dw wkh qlwh udwh  iru d pdujlqdo lqfuhdvh lq uhqwv1 Wkh pruh
xqfhuwdlq lv wkh hohfwlrq rxwfrph +wkh orzhu lv ,/ wkh odujhu lv wkh vfrsh iru uhqw
vhhnlqj1
Lq wklv suredelolvwlf yrwlqj prgho/ htxloleulxp sxeolf jrrgv duh h!flhqwo| sur0
ylghg1 Exw htxloleulxp uhqwv pd| eh srvlwlyh/ lpso|lqj wkdw yrwhuv sd| pruh
wkdq wkh h!flhqw dprxqw ri wd{hv1 Lw lv ihdvleoh wr wklqn ri wkh uhqwv dv dvvrfldwhg
zlwk lqh!flhqf| lq wkh surgxfwlrq ri sxeolf jrrgv1 Lq wklv lqwhusuhwdwlrq/ re0
vhuyhg vshqglqj ehfrphv vxerswlpdoo| kljk1 Wkh prgho wkxv lpsolhv wkdw/ fhwhulv
sdulexv/ zh vkrxog revhuyh dq dvvrfldwlrq ehwzhhq uhqwv fxp kljk dqg lqh!flhqw
jryhuqphqw vshqglqj/ rq wkh rqh kdqg/ dqg lghrorjlfdo glvshuvlrq ru hohfwrudo
xqfhuwdlqw|/ rq wkh rwkhu1
45151 Hohfwrudo dffrxqwdelolw|
Xs wr wklv srlqw/ zh kdyh dvvxphg wkdw dq| surplvh e| srolwlfldqv fdq lqghhg eh
hqirufhg1 Wklv lv d vwurqj dvvxpswlrq/ sduwlfxoduo| dv hohfwhg srolwlfldqv dssrlqw
phpehuv ri wkh mxglfldu| dqg duh fdsdeoh ri dowhulqj wkh ohjdo frgh/ wkhuhe| pdn0
lqj hqirufhphqw kdughu1 Li qr rxwvlgh hqirufhphqw lv srvvleoh/ wkh prgho ri wkh
suhylrxv vxevhfwlrq |lhogv d glvdvwurxv htxloleulxp iru yrwhuv1 Rqfh lq r!fh/ dq|
hohfwhg fdqglgdwh iroorzv d Ohyldwkdq srolf|/ zkhuh yrwhuv duh ixoo| wd{hg dqg
qr sxeolf jrrg lv gholyhuhg= } 'f c ' +c o ' + 1
Dq reylrxv frxqwhudujxphqw lv wkdw d srolwlfldq zkr hqjdjhg lq vxfk rxw0
udjhrxv ehkdylru zrxog frpsohwho| uxlq khu uhsxwdwlrq dqg zrxog qhyhu eh uh0
hohfwhg1 Exw qrwh wkh lpsolfdwlrq> qhyhu uh0hohfw pxvw phdq wkdw yrwhuv qrz
orrn edfnzdugv/q r wiruzdug1 Wkdw lv/ hohfwlrqv shuirup wkh uroh ri d glvflsolq0
lqj ghylfh/ rqfh srolf| kdv ehhq fkrvhq/ udwkhu wkdq vhohfwlqj dprqj dowhuqdwlyh
srolflhv/ dv dvvxphg vr idu1 Jrrg srolflhv duh uhzdughg e| uh0dssrlqwphqw/ edg
<;srolflhv duh sxqlvkhg e| uhixvlqj uh0hohfwlrq1 Lq wklv vxevhfwlrq/ zh looxvwudwh wklv
dowhuqdwlyh uroh ri hohfwlrqv/ iroorzlqj wkh ruljlqdo lqvljkwv ri Eduur +4<:6, dqg
Ihuhmrkq +4<;9,1
Wr vwxg| uhwurvshfwlyh yrwlqj lq rxu rqh0shulrg prgho/ zh fkdqjh wkh wlplqj
ri hyhqwv= +l, Yrwhuv vhw d uhvhuydwlrq xwlolw| iru uh0hohfwlqj wkh lqfxpehqw +vhh
ehorz,1 +ll, Wkh lqfxpehqw srolf|pdnhu iuhho| vhwv srolf|> srolf| fkrlfhv duh
revhuyhg e| hyhu|erg| +lll, Hohfwlrqv duh khog/ zlwk wkh yrwhuv fkrrvlqj ehwzhhq
wkh lqfxpehqw dqg dq rssrqhqw1
Wkh glhuhqw wlplqj uhtxluhv d uhirupxodwlrq ri wkh lqfxpehqw*v remhfwlyh=
(E
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Wklv uh hfwv wkh lqfxpehqw srolf|pdnhu*v ixoo glvfuhwlrq ryhu fxuuhqw uhqwv/ o1
Zkdw lv dw vwdnh dw wkh hohfwlrq duh ixwxuh uhqwv/ -c zklfk qrz kdyh wkh lqwhu0
suhwdwlrq ri wkh h{shfwhg suhvhqw ydoxh ri kroglqj r!fh iurp wkh qh{w shulrg
dqg rqzdugv1 Khuh/ zh frqwlqxh wr wuhdw - dv dq h{rjhqrxv sdudphwhu dqg qh0
johfw lqwhuwhpsrudo glvfrxqwlqj1 Exw lq d ixoo lqwhuwhpsrudo vhwwlqj/ - zrxog eh
ghwhuplqhg e| wkh prgho198
Dw wkh hohfwlrq vwdjh/ wkh yrwhuv shufhlyh qr lghrorjlfdo glhuhqfhv ehwzhhq
wkh lqfxpehqw dqg wkh rssrqhqw= wkh wzr fdqglgdwhv duh lghqwlfdo lq wkh h|hv ri
wkh yrwhuv/ h{fhsw iru wkhlu sdvw klvwrulhv1 Zh dvvxph wkdw yrwhuv frruglqdwh rq
wkh vdph uhwurvshfwlyh yrwlqj vwudwhj|/ sxqlvklqj wkh lqfxpehqw iru edg ehkdylru
dqg uhzduglqj khu iru jrrg ehkdylru1 Wklv yrwlqj vwudwhj| erlov grzq wr vhwwlqj
wkh uh0hohfwlrq suredelolw| RU dv iroorzv=
RU '

 li `E}co  
f rwkhuzlvh / +4519,
zkhuh `E}co lv wkh yrwhuv* lqgluhfw xwlolw| iurp wkh revhuyhg srolf| ghqhg lq
wkh suhylrxv vxevhfwlrq dqg  lv wkhlu uhvhuydwlrq xwlolw| 0 ehorz/ zh glvfxvv krz
wklv lv fkrvhq1
Wklv yrwlqj vwudwhj| fuhdwhv d wudgh0r iru wkh lqfxpehqw1 Zkhq vhwwlqj srolf|
dw vwdjh +ll,/ vkh uhdoo| kdv wzr dowhuqdwlyhv1 Rqh rswlrq lv wr sohdvh wkh yrwhuv/
jlylqj wkhp d srolf| zklfk/ xqghu +4519,/ lv uhzdughg zlwk uh0hohfwlrq dqg wkh
sd|r -1 Lq wklv fdvh/ wkh lqfxpehqw reylrxvo| zdqwv wr vdwlvi| yrwhuv lq wkh
98Ihuhmrkq +4<;9, hpehgv d uhodwhg rqh0shulrg jdph lq dq lq￿qlwh0krul}rq vhwwlqj zlwk h{rjh0
qrxv ehqh￿wv iurp r!fh1 Shuvvrq/ Urodqg dqg Wdehoolql +4<<:, hqgrjhql}h wkh ixwxuh ehqh￿wv
iurp r!fh U> dv wkh h{shfwhg suhvhqw ydoxh ri hqgrjhqrxv uhqwv iurp r!fh u lq ixwxuh shulrgv1
<<fkhdshvw srvvleoh zd|/ zklfk lpsolhv fkrrvlqj dq h!flhqw srolf| dqg nhhslqj dq|
vodfn dv uhqwv o iru khuvhoi1 Wkh wrwdo sd|r lv  ' o n- Wkh rwkhu rswlrq lv
wr ljqruh uh0hohfwlrq dowrjhwkhu dqg lqvwhdg p|rslfdoo| pd{lpl}h khu uhqwv lq wkh
pdqqhu ri d Ohyldwkdq srolf|pdnhu1 Wklv lpsolhv pd{lpxp wd{dwlrq + ' +c
qr sxeolf jrrg surylvlrq +} 'f , dqg pd{lpdo uhqwv +o ' + Wkhuhiruh/ wkh
lqfhqwlyh frqvwudlqw xqghu zklfk wkh lqfxpehqw qgv lw +zhdno|, rswlpdo wr sohdvh
wkh yrwhuv lv= on-  + Wkh yrwhuv fdqqrw hqirufh orzhu uhqwv wkdq lpsolhg
e| wklv lqfhqwlyh frqvwudlqw/ exw wkh| fohduo| zdqw lw wr eh vdwlvhg zlwk htxdolw|1
Wkh plqlpxp uhqw yrwhuv pxvw froohfwlyho| jlyh xs/ lq rughu qrw wr wuljjhu d
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d frqglwlrq zh dvvxph wr eh vdwlvhg1 Xqghu wklv frqglwlrq/ yrwhuv rewdlq wkh
rswlpdo ohyho ri sxeolf jrrgv/ exw li wkh uljkw0kdqg vlgh ri +451:, lv srvlwlyh/ wkh|
pxvw jlyh xs vrph uhqwv1
Vrph lpsolfdwlrqv duh vlplodu wr wkrvh lq wkh suhylrxv vxevhfwlrq1 Dv lq wkdw
fdvh/ kljkhu lqwulqvlf ydoxh ri sxeolf r!fh +kljkhu -, ru kljkhu uhqw0h{wudfwlrq
frvwv +orz , frqwulexwh wr nhhslqj htxloleulxp uhqwv grzq1 Exw uhqwv duh qrz
kljkhu li wkh wd{ edvh lv kljkhu ++ kljkhu,1 Wklv uh hfwv wkh glhuhqw vrxufh
ri uhqwv lq wkh fxuuhqw vhw0xs/ qdpho| wkh glvfuhwlrq uhvxowlqj iurp frqwudfwxdo
lqfrpsohwhqhvv1 D odujhu dydlodeoh wd{ edvh pdnhv wklv glvfuhwlrq pruh wkuhdwhqlqj
dqg wkh yrwhuv pxvw jlyh xs pruh uhqwv1
Li wkh jdph lv lqqlwho| uhshdwhg/ wkhuh duh dgglwlrqdo lpsolfdwlrqv Htxloleulxp
uhqwv dovr ghshqg rq wkh suredelolw| wkdw/ li rxvwhg e| wkh yrwhuv/ d fkhdwlqj
srolwlfldq fdq eh uh0hohfwhg lq vrph ixwxuh shulrg1 Lqwhusuhwlqj vxfk d suredelolw|
dv eduulhuv wr hqwu| lq wkh srolwlfdo duhqd/ rqh jhwv wkh lpsolfdwlrq wkdw kljkhu
eduulhuv +l1h1/ d kljkhu suredelolw| ri uh0hqwhulqj srolwlfdo frpshwlwlrq, zhdnhqv
wkh glvflsolqlqj uroh ri hohfwlrqv dqg lqfuhdvhv htxloleulxp uhqwv1 Ihuhmrkq +4<;9,
dqg Shuvvrq/ Urodqg dqg Wdehoolql +4<<:, dovr frqvlghu d vwrfkdvwlf vhwwlqj/ zkhuh
wkh yrwhuv* xwlolw| iru d jlyhq srolf| lv udqgrp 0 iru lqvwdqfh/ wkh frvw ri surgxflqj
wkh sxeolf jrrg/ ru lwv ydoxh/ ydu| zlwk wkh vwdwh ri qdwxuh1 Li wkh srolf|pdnhu
433fdq revhuyh wkh vwdwh ri qdwxuh exw wkh yrwhuv fdqqrw/ wkhq vkh fdq h{sorlw klv
lqirupdwlrq dgydqwdjh e| judeelqj pruh uhqwv1 Wkh htxloleulxp qrz kdv d edqj0
edqj surshuw|= li wkh vwdwh ri qdwxuh lv idyrudeoh dqg wkh yrwhuv duh hdv| wr
sohdvh/ wkh lqfxpehqw vhhnv uh0hohfwlrq> lq xqidyrudeoh vwdwhv ri qdwxuh/ rq wkh
rwkhu kdqg/ sohdvlqj wkh yrwhuv lv wrr frvwo|/ dqg wkh lqfxpehqw judev dv pxfk
uhqwv dv srvvleoh nqrzlqj wkdw vkh zloo wkhq eh rxvwhg e| wkh yrwhuv1
45161 Vhsdudwlrq ri srzhuv
Rqfh zh ehjlq wr dvn krz wr glvflsolqh rssruwxqlvwlf srolwlfldqv/ lw lv qdwxudo wr
frqvlghu rwkhu ihdwxuhv ri srolwlfdo lqvwlwxwlrqv vhuylqj wklv sxusrvh1 Wkhvh duh rog
txhvwlrqv= lghdv derxw wkh lpsruwdqfh ri frqvwlwxwlrqdo fkhfnv dqg edodqfhv wr
suhyhqw wkh dexvh ri srolwlfdo srzhuv jr edfn dw ohdvw wr Prqwhvtlhx dqg Orfnh/
dqg sod|hg dq lpsruwdqw uroh lq wkh ihghudolvw ghedwh suhfhglqj wkh dgrswlrq ri
wkh XV frqvwlwxwlrq1 Wkh sulqflsoh ri vhsdudwlrq ri srzhuv/ lq sduwlfxodu/ lv/ wr
vrph ghjuhh/ lqfrusrudwhg lq doo ghprfudwlf frqvwlwxwlrqv ri wkh Zhvwhuq zruog1
Lq wklv vxevhfwlrq/ zh vkrz krz d vshflf doorfdwlrq ri sursrvdo dqg yhwr srzhuv
dfurvv glhuhqw r!fh kroghuv pd| lqghhg pdnh srolwlfldqv pruh dffrxqwdeoh wr
wkh yrwhuv1 Wkh uhvxow/ gxh wr Shuvvrq/ Urodqg dqg Wdehoolql +4<<:,/ lv vlplodu
wr wkdw douhdg| glvfxvvhg lq vhfwlrq ;15 zlwk uhjdug wr ryhudoo vshqglqj1 Khuh zh
dgdsw lw wr wkh h{dpsoh ri wklv vhfwlrq/ dqg vkrz wkdw vhtxhqwldo ghflvlrq pdnlqj
dqg vhsdudwlrq ri srzhuv dovr uhgxfhv htxloleulxp uhqwv1
Wkhuh duh wzr srolwlfdo r!fhv/ wkh kroghuv ri zklfk duh erwk vlpxowdqhrxvo|
vxemhfw wr uh0hohfwlrq1 Zh fdq frqvlghu wkhvh r!fhv lq glhuhqw zd|v= dv wzr
ohjlvodwlyh fkdpehuv/ ru dv wkh h{hfxwlyh dqg wkh ohjlvodwlyh eudqfk ri jryhuqphqw1
Lq olqh zlwk wkh odwwhu lqwhusuhwdwlrq/ zh odeho wkhp wkh H{hfxwlyh/ fc dqg wkh
Ohjlvodwxuh/ u1 Wkh jhqhudo vwuxfwxuh ri wkh prgho lv wkh vdph dv lq wkh sdvw
vxevhfwlrq1 Exw wkh yrwhuv qrz fkrrvh uhwurvshfwlyh yrwlqj vwudwhjlhv iru f dqg
u vhsdudwho|1 Wrwdo uhqwv iurp r!fh duh vsolw ehwzhhq wkh wzr r!fh0kroghuv=
ou n of ' oc dqg d vshflf srolf| ghflvlrq pxvw eh pdgh zlwk uhjdug wr wkh






h{fhsw wkdw U qrz uhihuv wr wkh r!fh kroghuv/ U ' fcuc udwkhu wkdq wr frpshwlqj
sduwlhv/ dqg -U lv wkh h{rjhqrxv ehqhw ri uhdssrlqwphqw iru wkh srolwlfldq kroglqj
r!fh U1
Frqvlghu d frqvwlwxwlrqdo duudqjhphqw zklfk/ olnh lq vxevhfwlrq ;15/ lpsrvhv
vhtxhqwldo ghflvlrq pdnlqj dqg vhsdudwhv vkdus sursrvdo srzhuv ryhu wzr srolf| gl0
434phqvlrqv1 Vshflfdoo|/ frqvlghu wkh iroorzlqj jdph1 +l, Yrwhuv fkrrvh d uhwurvshf0
wlyh yrwlqj uxoh1 +ll, Wkh lqfxpehqw f sursrvhv d wd{ udwh +lll, Li wkh lqfxpehqw
u dssuryhv/ wkhq  lv lpsohphqwhg/ rwkhuzlvh d ghidxow wd{ udwh  '7 :flv lpsoh0
phqwhg1 +ly, Wkh lqfxpehqw u sursrvhv d vshqglqj doorfdwlrq d}coucofocvxemhfw
wr wkh wd{ udwh iurp wkh sulru vwdjh= } n o '  +y, Li f dssuryhv wkh sursrvdo
e| uc lw sdvvhv> li qrw/ d ghidxow doorfdwlrq 7 } '  7 ou7 of  fco u'7 o uco f'7 o f
lv lpsohphqwhg1 +yl, Yrwhuv revhuyh } dqg  +yll, Hohfwlrqv duh khog zkhuh hdfk
lqfxpehqw uxqv djdlqvw dq lghqwlfdo rssrqhqw199
Vwlfnlqj wr wkh pdlq lqwhusuhwdwlrq/ wklv duudqjhphqw wkxv lpsolhv d vshflf
vhsdudwlrq ri srolwlfdo srzhuv ehwzhhq wkh suhvlghqw dqg Frqjuhvv lq d suhvlghqwldo
ghprfudf|1 Exw lw frxog dovr eh lqwhusuhwhg dv d vhsdudwlrq ri srzhuv ehwzhhq wkh
phpehuv ri glhuhqw vwdqglqj frpplwwhhv lq d frqjuhvvlrqdo vhwwlqj/ ru ehwzhhq
glhuhqw plqlvwulhv lq d sduoldphqwdu| vhwwlqj1 Lwv hhfw lv wr vwuhqjwkhq wkh yrwhuv*
delolw| wr krog srolwlfldqv dffrxqwdeoh/ wkhuhe| olplwlqj htxloleulxp uhqwv1 Li wkh
wzr srolwlfldqv kdyh vwurqj hqrxjk uh0hohfwlrq lqfhqwlyhv +lq wkh vhqvh vshflhg
ehorz,/ yrwhuv fdq dfwxdoo| dfklhyh wkh rswlpdo vroxwlrq zlwk o ' ou ' of 'f
dqg } ' }W
Wr vhh zk|/ vxssrvh wkdw yrwhuv kdyh lqghhg dgrswhg d ghpdqglqj yrwlqj uxoh/
frqglwlrqlqj wkh uh0hohfwlrq ri erwk lqfxpehqwv rq uhfhlylqj uvw0ehvw xwlolw|=
R
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Zkdw duh wkh lqfhqwlyhv ri wkh wzr r!fh0kroghuv dw wkh h{shqglwxuh ghflvlrq vwdjhv
+ly,0+y,B Wkhlu rqo| fkdqfh ri jhwwlqj uh0hohfwhg lv li wd{hv kdyh ehhq vhw dw wkh
uljkw ohyho  ' }W* dw wkh wd{dwlrq vwdjh +ll,0+lll,1 Li vr/ u fdq hlwkhu sursrvh
o 'f c}'} Wdqg vdwlvi| wkh yrwhuv/ ru hovh glyhuw hyhu|wklqj/ vhwwlqj o '  '}W
Wkh iruphu fkrlfh jlyhv u wkh sd|r -u dqg f wkh sd|r -f Ixoo glyhuvlrq
uhtxluhv jlylqj f dw ohdvw 7 of dv f nqrzv vkh zloo qrw eh uh0hohfwhg/ vkh
uhtxluhv dw ohdvw wkh ghidxow sd|r qrw wr yhwr d glyhuvlyh sursrvdopdnlqj wkh







99Qrwh wkdw wkh uhqwv lq wkh vhfrqg0vwdjh ghidxow/ ￿ u dqg ￿ uO> duh ￿{hg qxpehuv dqg gr qrw
ghshqg rq wkh ￿uvw0vwdjh ghflvlrq1 Wklv lv hvvhqwldo iru wkh uhvxowv vwdwhg ehorz1 Dv glvfxvvhg
odwhu/ vhsdudwlrq ri srzhuv lv rqo| khosixo xqghu dssursuldwh exgjhwdu| surfhgxuhv/ dqg rxu
irupxodwlrq ri wkh ghidxow rxwfrph lv dq hvvhqwldo sduw ri wkhvh surfhgxuhv1
435Grhv f kdyh dssursuldwh lqfhqwlyhv wr sursrvh wkh uljkw ohyho ri wd{hv dw vwdjh
+ll,0+lll,B Li vkh sursrvhv  ' }W dqg +451<, krogv/ wkhq u zloo sohdvh wkh yrwhuv dqg
f jhwv -f Li vkh vhwv dq| rwkhu wd{ udwh/ u +zkr wkhq fdqqrw sohdvh wkh yrwhuv
dq|pruh, sursrvhv pd{lpdo glyhuvlrq dqg/ dffruglqj wr wkh dujxphqw deryh/ f






Ilqdoo|/ lw lv dozd|v ehwwhu iru u wr dffhsw vxfk d sursrvdo/ xqohvv wkh ghidxow ohyho
ri wd{hv lv wrr kljk19:
Li wkh ydoxh ri r!fh lv kljk hqrxjk/ lq wkh vhqvh wkdw erwk +451<, dqg +45143,
krog/ wkh yrwhuv pd| wkxv fuhgleo| lqvlvw rq wkh srolwlfldqv gholyhulqj wkh xqfrq0
vwudlqhg rswlpxp1 Dgglqj wkhvh wzr frqglwlrqv dqg xvlqj +451;,/ d vx!flhqw
frqglwlrq iru ixoo rswlpdolw| lv wkdw wkh wrwdo ydoxh ri r!fh xqghu vhsdudwlrq ri
srzhuv lv dw ohdvw dv kljk dv wkdw zlwkrxw lw= -u n-f  -1 Wkh djhqf| sureohp
ri wkh suhylrxv vhfwlrq lv wkxv frpsohwho| holplqdwhg/ lq wkh vhqvh wkdw htxloleulxp
uhqwv idoo iurp oW wr }hur1
Zk| grhv vhsdudwlrq ri srzhuv vwuhqjwkhq dffrxqwdelolw| lq wklv gudvwlf zd|B
Wkh nh| lv wr ghsulyh uc zkr frqwurov wkh doorfdwlrq ri uhqwv/ ri sursrvdo srzhu
ryhu wkh vl}h ri wkh exgjhw1 Wkh djhqw zlwk sursrvdo uljkwv ryhu wd{hv/ fc lv qrw
d uhvlgxdo fodlpdqw rq wd{ uhyhqxh/ dv u fdswxuhv dq| dgglwlrqdo uhqwv fuhdwhg
e| kljkhu wd{hv1 Wklv uhpryhv wkh frq lfw ri lqwhuhvw ehwzhhq f dqg wkh yrwhuv1
Wkh rqo| phdqv zkhuhe| f fdq hduq uh0hohfwlrq lv wr vhw wd{hv dw wkh ohyho ghvluhg
e| wkh yrwhuv1 D vlqjoh r!fh0kroghu/ lqvwhdg/ lv dozd|v d ixoo uhvlgxdo fodlpdqw
rq wd{ uhyhqxhv> vkh fdq wkhuhiruh wkuhdwhq wkh yrwhuv zlwk pd{lpdo glyhuvlrq
+o '  ' +( wr dyrlg wklv Ohyldwkdq0olnh rxwfrph/ wkh yrwhuv pxvw ohdyh khu
vrph uhqwv1
Qrwh wkdw vhsdudwlrq ri sursrvdo srzhuv lv qrw hqrxjk lq lwvhoi/ krzhyhu1 Lw
pxvw eh dffrpsdqlhg e| dssursuldwh fkhfnv dqg edodqfhv/ dovr lqyroylqj wkh do0
orfdwlrq ri dphqgphqw dqg yhwr uljkwv1 Lq wklv prgho/ f rqo| kdv yhwr uljkwv/
dqg lv wkhuhiruh qdlohg wr lwv vwdwxv txr sd|r e| wkh wdnh0lw ru ohdyh0lw sursrvdo
e| u lq wkh odvw vwdjh1 Wklv pdnhv iru d vwurqj frq lfw ri lqwhuhvw ehwzhhq f dqg
uc wkdw fdq eh h{sorlwhg e| wkh yrwhuv1 D pruh rshq edujdlqlqj surfhgxuh zlwk
dphqgphqw uljkwv iru f zrxog pdnh khu d uhvlgxdo fodlpdqw rq wd{hv dqg doljq
9:Diwhu d yhwr/ ohdglqj wr wkh wd{ udwh ￿V>Ozloo dozd|v pdnh d glyhuvlyh sursrvdo dw wkh qh{w
vwdjh/ jlylqj khu d sd|r￿ ri ￿+Q￿V ￿￿[,= Wkxv d vx!flhqw frqglwlrq iru O qrw wr yhwr/ jlyhq
wkdw wkh lqfhqwlyh frpsdwlelolw| frqglwlrq deryh krogv/ lv wkdw ￿V ￿ j￿@Q=
436wkh lqwhuhvw ri wkh srolwlfldqv djdlqvw wkh lqwhuhvw ri wkh yrwhuv1 Lq wklv fdvh/ wkh
ehqhw ri vhsdudwlrq ri srzhuv zrxog eh orvw1 Lq idfw/ vhsdudwlrq ri srzhuv frxog
hyhq eh ghwulphqwdo iru wkh yrwhuv/ li lw fuhdwhv d frpprq srro sureohp dprqj
wkh wzr h{shfwhg r!fldov1 Wklv zrxog kdsshq li yhwr uljkwv zhuh uhpryhg dqg f
dqg u frxog xqlodwhudoo| ghwhuplqh krz pxfk wr glyhuw iru wkhpvhoyhv/ of dqg
ouc zlwk wd{hv ru sxeolf frqvxpswlrq uhvlgxdoo| ghwhuplqhg1 Shuvvrq/ Urodqg dqg
Wdehoolql +4<<:, vkrz wkdw/ lq wklv fdvh/ htxloleulxp uhqwv zrxog eh hyhq kljkhu
wkdq zlwk d vlqjoh srolf|pdnhu1 Wr sxw lw glhuhqwo|/ dffrxqwdelolw| fdq rqo| zrun
zhoo li lw lv fohdu zkr lv uhvsrqvleoh iru dq revhuyhg dexvh ri srzhu1 Wkh uhvxowv lq
wklv vhfwlrq wkxv uhlqirufh wkh jhqhudo phvvdjh dqwlflsdwhg lq vxevhfwlrq ;15/ derxw
wkh lpsruwdqfh ri dssursuldwh exgjhwdu| surfhgxuhv dqg wkh yluwxhv ri wzr0vwdjh
exgjhwlqj1
Vhsdudwlrq ri srzhuv fdq dovr vhuyh dqrwkhu sxusrvh/ qdpho| wr idflolwdwh
uhyhodwlrq ri lqirupdwlrq wr wkh yrwhuv1 Dv glvfxvvhg dw wkh hqg ri wkh suhylrxv
vxevhfwlrq/ sulydwh lqirupdwlrq hqdeohv srolwlfldqv wr hduq lqirupdwlrqdo uhqwv lq
vrph vwdwhv qdwxuh1 Exw vhsdudwlrq ri srzhuv fuhdwhv d frq lfw ryhu wkh doorfdwlrq
ri wkhvh uhqwv/ zklfk khosv wkh yrwhuv1 Lq jhqhudo/ lqirupdwlrqdo uhqwv duh hduqhg
e| zkrhyhu kdv sursrvdo srzhuv ryhu wkh doorfdwlrq ri vshqglqj/ dv kh ehfrphv wkh
uhvlgxdo fodlpdqw rq dgglwlrqdo uhvrxufhv1 Wklv lpsolhv/ krzhyhu/ wkdw wkh rwkhu
srolwlfldq kdv qr lqfhqwlyh wr olh1 Lq jhqhudo/ dv vkrzq e| Shuvvrq/ Urodqg dqg
Wdehoolql +4<<:,/ wkh zhdn r!fh kroghu*v lqwhuhvwv duh doljqhg zlwk wkrvh ri wkh
yrwhuv/ zkr fdq wkhq krog wkh srzhuixo r!fh kroghu dffrxqwdeoh1 Jlylqj vkdus
sursrvdo uljkwv fuhdwlqj d frq lfw ri lqwhuhvw ehwzhhq r!fh kroghuv hqdeohv wkh
yrwhuv wr holplqdwh doo lqirupdwlrqdo uhqwv1
Pruh jhqhudoo|/ srolwlfdo dffrxqwdelolw| lv pruh hdvlo|dfklhyhg li wkh frqvwl0
wxwlrq xqdpeljxrxvo| doorfdwhv fhuwdlq frqwuro uljkwv wr fhuwdlq srolwlfdo r!fhv1
Qdwxudoo|/ wklv suhvxssrvhv wkdw vhsdudwlrq ri srzhuv fdq eh hqirufhg/ dqg wkdw
r!fh kroghuv gr qrw uh0doorfdwh wkhvh frqwuro uljkwv lq rwkhu zd|v/ iru lqvwdqfh
wkurxjk frooxvlyh djuhhphqwv1
45171 Qrwhv rq wkh olwhudwxuh
Wkh txhvwlrq ri zkhwkhu hohfwrudo frpshwlwlrq lqgxfhv rssruwxqlvwlf srolwlfldqv
wr sxuvxh h!flhqw srolflhv lv dq rog rqh1 Wkh rswlplvwlf Fklfdjr vfkrro lv zhoo
uhsuhvhqwhg e| Vwljohu +4<:5, dqg Zlwwpdq +4<;<,1 Iru d pruh shvvlplvwlf ylhz
uhsuhvhqwlqj wkh Ylujlqld Vfkrro/ vhh Exfkdqdq dqg Wxoorfn +4<95,1
Wkh prgho ri hohfwrudo frpshwlwlrq lq d suredelolvwlf yrwlqj prgho +vxevhfwlrq
4374514, gudzv rq Vyhqvvrq +4<<:d,/ Sror +4<<;,/ dqg Shuvvrq dqg Wdehoolql +4<<<,1
Wkhvh sdshuv dovr glvfxvv ydulrxv frpsdudwlyh vwdwlfv uhvxowv/ uhodwlqj wkh vl}h ri
htxloleulxp uhqwv wr srolwlfdo ihdwxuhv vxfk dv wkh qxpehu ri sduwlhv +Sror,/ wkh
glvdjuhhphqw dprqj yrwhuv +Vyhqvvrq/ Sror/ Shuvvrq dqg Wdehoolql,/ wkh hohfwrudo
v|vwhp +Shuvvrq dqg Wdehoolql,1 Vyhqvvrq +4<<:e, suhvhqwv suholplqdu| hpslulfdo
hylghqfh wkdw hohfwrudo dffrxqwdelolw| zrunv ohvv zhoo lq srolwlfdoo| srodul}hg frxq0
wulhv= vxfk frxqwulhv kdyh kljkhu jryhuqphqw vshqglqj/ exw dsshduv wr kdyh d ohvv
h!flhqw sxeolf vhfwru dqg orzhu jurzwk1 Pdxur +4<<;, dqg Wdq}l dqg Gdyrrgl
+4<<:, dvn krz fruuxswlrq fruuhodwhv zlwk wkh frpsrvlwlrq ri sxeolf vshqglqj lq
d odujh furvv vhfwlrq ri frxqwulhv1
Hohfwrudo dffrxqwdelolw| zdv uvw glvfxvvhg lq d sulqflsdo djhqw iudphzrun e|
Eduur +4<:6, dqg wkhq e| Ihuhmrkq +4<;9,1 Vhdeuljkw +4<<9, vwuhvvhv wkh lqfrp0
sohwh frqwudfw ylhz dqg glvfxvvhv hohfwrudo dffrxqwdelolw| e| frpsdulqj glhuhqw
ghjuhhv ri fhqwudol}dwlrq lq d ihghudwlrq1 Wkh prgho ri vhfwlrqv 4515 dqg 4516
gudzv rq Shuvvrq/ Urodqg dqg Wdehoolql +4<<:,/ zkr hpskdvl}h wkh ehqhwv ri
vhsdudwlrq ri srzhuv1 Vhsdudwlrq ri srzhuv kdv dovr ehhq glvfxvvhg e| Odrqw
dqg Pduwlpruw +4<<;,/ zlwk uhjdug wr uhjxodwlrq e| vxshuylvru| djhqflhv1 Odi0
irqw +4<<;, surylghv dq h{fhoohqw vxuyh| ri wkh uhfhqw olwhudwxuh rq frooxvlrq zlwk
srolwlfdoo| prwlydwhg djhqflhv1
Ilqdoo|/ wkhuh lv d yhu| odujh olwhudwxuh rq lqfrpsohwh frqwudfwv> iru vxuyh|v vhh
Kduw +4<<8, dqg Wluroh +4<<;,1 Eh|rqg wkh sdshuv phqwlrqhg deryh/ Djklrq dqg
Erowrq +4<<;, dovr glvfxvv krz wr ylhz frqvwlwxwlrqv dv h{dpsohv ri lqfrpsohwh
frqwudfwv1
461 Frqvwlwxwlrqdo ghwhuplqdqwv ri sxeolf qdqfh
Vr idu/ zh kdyh gholehudwho| vlpsolhg wkh yrwhuv* wdvn ri kroglqj wkhlu srolwlfdo
djhqwv dffrxqwdeoh/ e| dvvxplqj wkdw srolf| fdqqrw uhglvwulexwh ehwzhhq yrwhuv1
Zh qrz uhod{ wklv dvvxpswlrq/ dqg doorz hfrqrplf srolf| dovr wr uhglvwulexwh
dprqj jurxsv ri yrwhuv1 Zh frqwlqxh wr dvvxph wkdw elqglqj hohfwrudo surplvhv
duh qrw hqirufhdeoh/ dqg wkdw hohfwhg srolwlfldqv kdyh wkh glvfuhwlrq wr fkrrvh
srolf| wkurxjk ohjlvodwlyh edujdlqlqj1 Wkxv/ zh vwxg| srolf| fkrlfh lq d jhqxlqh
pxowlsoh0sulqflsdo0pxowlsoh0djhqw vhwwlqj1 Zh qrz kdyh frq lfw ri lqwhuhvwv uxq0
qlqj lq wkuhh glphqvlrqv= ehwzhhq yrwhuv dqg srolwlfldqv dw odujh/ ryhu wkh vl}h ri
djjuhjdwh uhqwv( dprqj yrwhuv/ ryhu wkh glvwulexwlrq ri lqfrph( dqg dprqj srolwl0
fldqv/ ryhu wkh glvwulexwlrq ri uhqwv Krz grhv wkh htxloleulxp surylvlrq ri sxeolf
jrrgv wr yrwhuv dqg uhqwv wr srolwlfldqv lqwhudfw zlwk htxloleulxp uhglvwulexwlrq
438dfurvv glhuhqw jurxsv ri yrwhuvB Dqg krz gr wkh frqwuro uljkwv odlg grzq e|
glhuhqw frqvwlwxwlrqv vkdsh htxloleulxp srolf| lq wklv ulfkhu vhwwlqjB Wr wu| wr
dqvzhu wkhvh ixqgdphqwdo dqg gl!fxow txhvwlrqv/ zh frpsduh wkh htxloleuld xqghu
dowhuqdwlyh vw|ol}hg frqvwlwxwlrqv1 Rxu jrdo lv wr fdswxuh vrph vw|ol}hg ihdwxuhv
ri suhvlghqwldo0frqjuhvvlrqdo dqg sduoldphqwdu| v|vwhpv/ uhvshfwlyho|1 Zh phujh
wkh dqdo|vlv ri wkh suhylrxv vhfwlrq zlwk wkh ohjlvodwlyh edujdlqlqj dssurdfk ri
Vhfwlrq ;1 Rxu vw|ol}hg prgho ri d suhvlghqwldo v|vwhp/ wkh ghqhg uhvsrqvlelol0
wlhv ri srolwlfldqv pruh fohduo| ohdglqj wr pruh vhsdudwlrq ri srzhuv1 Wkh vw|ol}hg
prgho ri d sduoldphqwdu| v|vwhp/ rq wkh rwkhu kdqg/ hqwdlov vwurqjhu lqfhqwlyhv
wr irup vwdeoh dqg eurdg frdolwlrqv1 Wkh suhvlghqwldo v|vwhp wkhuhiruh kdv pruh
frq lfw dprqj srolwlfldqv dv zhoo dv dprqj yrwhuv1 Dv zh vkdoo vhh/ vrph hdu0
olhu lqvljkwv vxuylyh/ exw qhz uhvxowv dsshdu1 Lw uhpdlqv ydolg wkdw vhsdudwlrq ri
srzhuv khosv wkh yrwhuv frqwuro wkh djhqf| sureohp= htxloleulxp uhqwv duh vpdoohu
lq wkh suhvlghqwldo v|vwhp1 Exw pruh frq lfw dovr kdv frvwv/ lq wkdw suhvlghqwldo
v|vwhp vxsso| ohvv sxeolf jrrgv dqg pruh wdujhwhg uhglvwulexwlrq frpsduhg wr wkh
sduoldphqwdu| v|vwhp1 Wkh vhfwlrq gudzv rq Glhuphlhu dqg Ihgghuvhq +4<<;, dqg
Shuvvrq/ Urodqg dqg Wdehoolql +4<<;d,1
Wkhuh duh wkuhh jurxsv ri yrwhuv/ a ' c2 c cdoo ri vl}h +pdvv, xqlw|1 Jurxsv
frlqflgh zlwk hohfwrudo glvwulfwv/ dqg hdfk lv uhsuhvhqwhg e| d vlqjoh ohjlvodwru/
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zkhuh wkh qrwdwlrq lv wkh vdph dv suhylrxvo|/ h{fhsw iru sa zklfk ghqrwhv d oxps0
vxp wudqvihu wr yrwhuv lq glvwulfw a Hyhq wkrxjk yrwhuv rqo| fduh derxw wkhlu
qhw wd{hv +wudqvihuv,/   sac lw lv vwloo lpsruwdqw wr glvwlqjxlvk ehwzhhq  dqg
sac ehfdxvh wkh frqwuro uljkwv ryhu wd{hv dqg wudqvihuv duh doorfdwhg wr glhuhqw
srolwlfldqv1 Dv ehiruh/ } ghqrwhv d jhqhudo sxeolf jrrg ehqhwwlqj doo yrwhuv1
Zh frqwlqxh wr dvvxph wkdw srolwlfldqv fdq dssursuldwh uhqwv/ dqg pxvw fkrrvh
krz wr doorfdwh wkhvh wkurxjk d ohjlvodwlyh ghflvlrq1 Ghqrwlqj e| o, wkh uhqwv
fdswxuhg e| ohjlvodwru ,c zh zulwh wkh jryhuqphqw exgjhw frqvwudlqw dv
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zkhuh s ghqrwhv djjuhjdwh wudqvihuv1 Lwhpv lq wkh jryhuqphqw exgjhw frqvwudlqw
pxvw doo eh qrq0qhjdwlyh1
Fohduo|/ wkh vrfldo rswlpxp iru dq| v|pphwulf +dqg vwulfwo| frqfdyh, vrfldo
zhoiduh ixqfwlrq ghqhg ryhu wkh xwlolw| ri yrwhuv/ exw qrw lqfrusrudwlqj wkh uhqwv
439wr srolwlfldqv/ lv wr holplqdwh uhqwv vhwwlqj o, ' o 'f cdqg wr surylgh sxeolf jrgv
lq dffrugdqfh zlwk wkh Vdpxhovrq uxoh/ M}E}W' Qhw wd{hv   sa vkrxog
eh htxdo dfurvv jurxsv/ lpso|lqj sa '
s
￿c hyhq wkrxjk rswlpdo jurvv wudqvihuv
duh lqghwhuplqdwh1 Zlwk d wlq| elw ri wd{ glvwruwlrqv/ krzhyhu/ s 'fehfrphv
rswlpdo1
Exw srolf| fkrlfh lv ghohjdwhg wr srolwlfldqv/ qrw wr d ehqhyrohqw vrfldo sodqqhu1
Dv ehiruh/ zh dvvxph wkdw ohjlvodwruv pd{lpl}h wkh vxp ri wkh hqgrjhqrxv dqg





zkhuh R, lv wkh suredelolw| wkdw ohjlvodwru , lv uhdssrlqwhg1 Iru vlpsolflw|/ wkh
h{rjhqrxv uhqwv iurp r!fh/ -c duh dvvxphg wr eh htxdo iru doo lqfxpehqw odz
pdnhuv1 Yrwhuv krog wkh lqfxpehqw odz0pdnhuv vhsdudwho| dffrxqwdeoh wkurxjk
wkh dgrswlrq ri uhwurvshfwlyh yrwlqj vwudwhjlhv1 Wkh lqfxpehqw ohjlvodwru uxqv
djdlqvw dq lghqwlfdo rssrqhqw lq hohfwlrqv/ zklfk duh khog lq hdfk glvwulfw diwhu
srolf| fkrlfhv kdyh ehhq pdgh1
Zh qrz glvfxvv wzr glhuhqw dvvljqphqwv ri frqwuro uljkwv ryhu hfrqrplf srol0
flhv1
46141 Frqjuhvvlrqdo v|vwhp
Lq vxevhfwlrq 4516/ zh looxvwudwhg wkh ehqhwv ri vhsdudwlrq ri srzhu iru kroglqj
srolwlfldqv dffrxqwdeoh1 Exw zkdw duh wkh hhfwv ri vhsdudwlrq ri srzhuv zkhq
wkhuh lv dovr d frq lfw ri lqwhuhvw ehwzhhq yrwhuv/ dqg ohjlvodwruv pxvw fkrrvh
ehwzhhq d srolf| ehqhwwlqj doo yrwhuv +sxeolf jrrg surylvlrq, ru vrph jurxsv
rqo| +dv zlwk uhglvwulexwlrq, B Wklv lv wkh txhvwlrq dgguhvvhg lq wklv vxevhfwlrq1
Lw lv prwlydwhg e| wkh ihdwxuhv ri d frqjuhvvlrqdo0suhvlghqwldo v|vwhp olnh wkdw
ri wkh XV/ zklfk kdv frqvlghudeoh vhsdudwlrq ri srzhuv= glhuhqw frqjuhvvlrqdo
frpplwwhhv krog sursrvdo srzhuv ryhu ohjlvodwlrq lq glhuhqw srolf| glphqvlrqv/
dqg wkh Suhvlghqw kdv yhwr srzhu1 Wr fdswxuh wkhvh ihdwxuhv/ zh vwxg| d wzr0
vwdjh exgjhw surfhgxuh zkhuh wkh sursrvdo srzhuv rq wd{hv dqg rq wkh doorfdwlrq
ri vshqglqj duh doorfdwhg wr wzr glhuhqw ohjlvodwruv1 Zh wkxv devwudfw iurp wkh
suhvlghqw dqg klv yhwr srzhuv/ exw wkhvh frxog eh lqwurgxfhg zlwkrxw fkdqjlqj wkh
wkuxvw ri wkh pdlq uhvxowv1 Zh frxog ixuwkhu vsolw wkh sursrvdo srzhu ryhu vshqglqj
ixuwkhu/ jlylqj hdfk ri wkh wkuhh ohjlvodwruv vrph djhqgd0vhwwlqj sulylohjhv/ zlwkrxw
fkdqjlqj wkh pdlq uhvxowv1
Wkh srolf| jdph vwxglhg kdv wkh iroorzlqj wlplqj1 +l, Wzr glhuhqw djhqgd0
vhwwhuv/ @￿ dqg @}c wkh qdqfh frpplwwhh dqg wkh h{shqglwxuh frpplwwhh/
43:duh dssrlqwhg dprqj wkh wkuhh ohjlvodwruv1 +ll, Yrwhuv vhw wkh fxw0r xwlolwlhv a
lq wkhlu uh0hohfwlrq uxohv rswlpdoo|/ frqglwlrqdo rq wkh vwdwxv ri wkhlu ohjlvodwru1
+lll, @￿ sursrvhv d wd{ udwh 1 +ly, Frqjuhvv yrwhv= li dssuryhg e| d pdmrulw|/ wkh
wd{ sursrvdo ehfrphv odz> li qrw/ wkh ghidxow wd{ udwh lv 7 :f +y, @} sursrvhv
}cisaj dqg io,j vxemhfw wr   } n s n o1 +yl, Frqjuhvv yrwhv= li uhmhfwhg e|
d pdmrulw|/ wkh ghidxow doorfdwlrq lv } 'f csa o, fco , '7 o , 1 +yll, Yrwhuv
revhuyh hyhu|wklqj dqg hohfwlrqv duh khog1
Dv lq vxevhfwlrq 4516/ wkhuh duh wkxv wzr djhqgd vhwwhuv1 Srolf| ghflvlrqv
duh pdgh vhtxhqwldoo|/ uvw rq wkh ryhudoo vl}h ri jryhuqphqw dqg wkhq rq wkh
doorfdwlrq ri vshqglqj1 Qrw rqo| duh sursrvdov vhtxhqwldo/ exw vr duh Frqjuhvvlrqdo
yrwhv1 Vshflfdoo|/ vshqglqj sursrvdov lq wkh vhfrqg vwdjh duh frqvwudlqhg e| wkh
rxwfrph ri Frqjuhvvlrqdo yrwhv ryhu wd{ uhyhqxhv1
Wr xqghuvwdqg wkh ihdwxuhv ri wkh htxloleulxp/ zh fdq gudz rq vhyhudo uh0
vxowv lq suhylrxv vhfwlrqv19; Lq wkh odvw vwdjh/ wkh h{shqglwxuh frpplwwhh @} mxvw
qhhgv wkh vxssruw ri rqh pruh ohjlvodwru1 Khqfh/ dv lq Vhfwlrq ;/ vkh vhhnv d
plqlpxp0zlqqlqj frdolwlrq1 Pruhryhu/ vkh vhhnv wkh vxssruw ri wkh ohjlvodwru
zkr lv fkhdshvw wr ex|/ lq wkh vhqvh ri ghpdqglqj ohdvw iru khu frqvwlwxhqf|1
Wkxv/ yrwhuv lq glvwulfwv a 9' @} ehkdyh olnh wkh oreelhv lq vhfwlrq 4415= wkh| duh
hqjdjhg lq d Ehuwudqg frpshwlwlrq iru wkh vsrlov doorfdwhg e| @}1 Jlyhq wkdw
wkh| sd| wd{hv dq|zd|/ wkh| duh ehwwhu r jhwwlqj vrph wudqvihuv/ krzhyhu vpdoo/
udwkhu wkdq }hur1 Khqfh/ qrw wr eh h{foxghg iurp wkh pdmrulw| frdolwlrq/ wkh|
uhgxfh wkhlu uhvhuydwlrq xwlolwlhv xqwlo wkhlu ghpdqg iru uhglvwulexwlrq duh gulyhq
wr }hur1 Dq| htxloleulxp wkxv kdv sa 'fli a 9' @}
Wklv ohdyhv @} iuhh wr sohdvh khu yrwhuv/ iru doo uhglvwulexwlyh wudqvihuv jr wr
khu glvwulfw +sa ' s li a ' @} Wkh sxeolf jrrg lv wkhq wudghg r djdlqvw
uhglvwulexwlrq/ rqh iru rqh1 Wklv ohdgv wr vhyhuh xqghu0surylvlrq ri wkh sxeolf
jrrg/ vlqfh rqo| rqh wklug ri wkh vrfldo ehqhwv duh lqwhuqdol}hg1 Vshflfdoo|/ lq
htxloleulxp9<=
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Zkdw derxw htxloleulxp uhqwvB Dv lq vxevhfwlrq 4516/ wkh pd{lpxp wkuhdw
ohjlvodwru @} fdq lpsrvh rq wkh yrwhuv lv wr jr iru wkh pd{lpxp glyhuvlrq/ o_ '
9;Lq wkh iroorzlqj/ zh mxvw vnhwfk wkh dujxphqw ohdglqj wr wkh uhvxowv1 Wkh uhdghu lv uhihuuhg
wr Shuvvrq/ Urodqg dqg Wdehoolql +4<<;d, iru d irupdo ghulydwlrq lq d vlplodu +exw pruh frpsoh{,
vhw0xs1
9<Lq ghulylqj wklv h{suhvvlrq/ zh qhhg wr dvvxph wkdw wkh qrq0qhjdwlylw| frqvwudlqw rq wudqvihuv
wr wkh yrwhuv lq M @ dj lv qrw elqglqj1 Lw fdq eh vkrzq wkdw wklv dvvxpswlrq fdq eh vwdwhg dv
e j @ K￿4
j +4, ￿ U
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43; Kdylqj erxjkw wkh yrwh ri rqh pruh odz0pdnhu/ vkh zrxog eh ohiw zlwk d
sd|r ri E  7 o 1 Dowhuqdwlyho|/ vkh fdq vdwlvi| wkh yrwhuv1 Jlyhq wkdw uh0
hohfwlrq lv zruwk pruh wkdq wkh ghidxow sd|r wr wkh rwkhu ohjlvodwruv dqg wkdw
khu sursrvdo lv frqvlvwhqw zlwk wkh fxw0r xwlolwlhv ghpdqghg e| wkh yrwhuv lq wkh
rwkhu glvwulfwv +l1h1 d frqglwlrq olnh +45143, krogv,/ @} lv qrw reoljhg wr sd| dq|
ri wkh rwkhu ohjlvodwruv r zlwk d srvlwlyh oa Wkxv/ sohdvlqj wkh yrwhuv jlyhv khu
wkh qhw sd|r ri on- Wkh lqfhqwlyh frqvwudlqw rq wkh plqlpxp uhqwv lq vwdjh
+y, wkxv ehfrphv=
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Ilqdoo|/ zkdw duh wkh lqfhqwlyhv iru wkh wd{dwlrq frpplwwhh @￿ dqg wkh yrwhuv
lq wkh fruuhvsrqglqj glvwulfw dw wkh wd{dwlrq vwdjh +lll,B Dv yrwhuv lq glvwulfw @￿
gr qrw uhfhlyh dq| wudqvihuv/ wkh| zrxog olnh  wr eh dv orz dv srvvleoh/ frqvlvwhqw
zlwk e } ehlqj qdqfhg1 Wkhvh lqwhuhvwv duh zhoo doljqhg zlwk wkrvh ri ohjlvodwru @￿/
iru vkh lv qrw d uhvlgxdo fodlpdqw rq wd{hv/ e| rxu dvvxpswlrqwkh vroh uhvlgxdo
fodlpdqwv rq dgglwlrqdo uhyhqxh ehlqj ohjlvodwru @} ru khu yrwhuv1 Yrwhuv lq glvwulfw
@￿ zloo wkxv lqvlvw rq wkh plqlpdo wd{ udwh/  ' e }*c lpso|lqj wkdw o ' s 'f 
Dvvxplqj dv deryh wkdw -: 7 oc lw lv rswlpdo iru @} wr jr dorqj zlwk o 'flq
htxloleulxp1 Vlploduo|/ yrwhuv lq glvwulfw a 9' @}c@ ￿ kdyh qr uhdvrq wr ghpdqg
kljkhu wd{hv iurp wkhlu ohjlvodwru1 Wkh htxloleulxp lv wkxv vxssruwhg e| yrwlqj
uxohv zlwk fxw0r xwlolwlhv=





Zh fdq vxppdul}h wkh surshuwlhv ri wkh frqjuhvvlrqdo htxloleulxp dv iroorzv=
Iluvw/ wd{hv/ uhqwv dqg uhglvwulexwlyh wudqvihuv duh plqlpl}hg=  ' e }* dqg o '
s 'f Wklv iroorzv iurp yrwhuv h{sorlwlqj wkh vhsdudwlrq ri srzhuv surshuw| ri wkh
frqjuhvvlrqdo lqvwlwxwlrq dqg iurp rxu dvvxpswlrq derxw wkh ghidxow rxwfrph1:4
Vhfrqg/ sxeolf jrrgv duh vhyhuho| xqghusurylghg= M}Ee }':￿
￿'M }E } W Wklv
lv d gluhfw frqvhtxhqfh ri wkh vwurqj djhqgd0vhwwlqj srzhuv ri d plqrulw| ryhu wkh
doorfdwlrq ri vshqglqj1 Hyhq zlwk d odujhu dprxqw ri wd{ uhyhqxhv/ yrwhuv lq wkh
:3Zh fdqqrw uxoh rxw wkh h{lvwhqfh ri rwkhu htxloleuld zlwk wkh vdph dprxqw ri u dqg j> exw
vrph srvlwlyh uhglvwulexwlrq wr yrwhuv lq l @ dj=
:4Li wkh vwdwxv txr rxwfrph ￿ u4 lv srvlwlyho| uhodwhg wr ￿ udlvhg lq wkh wd{dwlrq vwdjh/ lw
ehfrphv kdughu wr glvflsolqh wkh srolwlfldqv dqg/ dv d uhvxow/ wkh htxloleulxp kdv uA3+vhh
Shuvvrq/ Urodqg/ dqg Wdehoolql +4<<;d,,1
43<glvwulfw zkr frqwuro wkh srolwlfldq hqmr|lqj wkrvh srzhuv zrxog suhihu wr gluhfw wkh
dydlodeoh uhvrxufhv wrzdugv wkhpvhoyhv/ udwkhu wkdq vkdulqj wkhp zlwk hyhu|rqh/
wkurxjk pruh sxeolf jrrg surylvlrq1 Dqwlflsdwlqj wklv plqrulwduldq rulhqwdwlrq
ri uhglvwulexwlyh wudqvihuv/ yrwhuv lq wkh glvwulfw lq fkdujh ri wd{dwlrq nhhs wd{
uhyhqxhv wr wkh plqlpxp qhfhvvdu| wr surylgh wkh htxloleulxp dprxqw ri sxeolf
jrrgv1
46151 Sduoldphqwdu| v|vwhp
D fhqwudo ihdwxuh ri wkh Suhvlghqwldo0frqjuhvvlrqdo srolwlfdo v|vwhp ghvfulehg deryh
lv wkh qrq0vwdelolw| ri ohjlvodwlyh frdolwlrqv= glhuhqw frdolwlrqv duh iruphg ryhu gli0
ihuhqw lvvxhv ru dw glhuhqw srlqwv lq wlph1 Wklv lv dw wkh fruh ri wkh Ehuwudqg
frpshwlwlrq uhvxow/ zkhuh ohjlvodwruv kdylqj frqwuro uljkwv ryhu wkh vshqglqj sur0
srvdo fdq slw rqh jurxs ri yrwhuv djdlqvw dqrwkhu1 Lq sduoldphqwdu| v|vwhpv/ rq
wkh rwkhu kdqg/ glvdjuhhphqw zlwklq wkh pdmrulw| lq wkh ohjlvodwxuh lv d pruh vh0
ulrxv exvlqhvv/ vlqfh lw fdq ohdg wr d jryhuqphqw fulvlv1 Wklv fuhdwhv dq lqfhqwlyh
iru sduoldphqwdu| frdolwlrqv wr vwlfn wrjhwkhusrolwlfdo vflhqwlvwv kdyh odehohg wklv
ihdwxuh ri sduoldphqwdu| v|vwhpv ohjlvodwlyh frkhvlrq1 Dv d uhvxow/ edujdlqlqj
srzhu lv pruh hyhqo| vkduhg zlwklq wkh pdmrulw| frdolwlrq1 Lq rxu prgho/ wklv lv
erwk jrrg dqg edg iru wkh yrwhuv1 Lw lv jrrg/ ehfdxvh lw lqfuhdvhv wkh htxloleulxp
surylvlrq ri sxeolf jrrgv1 Lw lv edg ehfdxvh/ e| zhdnhqlqj vhsdudwlrq ri srzhuv/
lw lqfuhdvhv wkh htxloleulxp uhqwv ri srolwlfldqv1 Zh qrz irupdoo| ghulyh wkhvh
uhvxowv lq d vlpsoh h{whqvlrq ri wkh suhylrxv prgho1
Zh frqwlqxh wr dvvxph wkdw wzr glhuhqw ohjlvodwruv frqwuro wkh sursrvdov rq
wd{hv dqg h{shqglwxuhv/ uhvshfwlyho|1 Qr yrwh lv wdnhq/ krzhyhu/ xqwlo erwk sur0
srvdov kdyh ehhq pdgh1 Lw lv wkhuhiruh dssursuldwh wr lghqwli| wkhvh ohjlvodwruv
zlwk fdelqhw plqlvwhuv dqg wkh sursrvdo skdvh zlwk wkh exgjhw suhsdudwlrq lq0
vlgh wkh jryhuqphqw1 Erwk jryhuqphqw frdolwlrq sduwqhuv kdyh yhwr srzhu ryhu
wkh exgjhw/ dqg d yhwr wuljjhuv d jryhuqphqw fulvlv1 Wklv dvvxpswlrq dssur{l0
pdwhv kdylqj d yrwh ri frqghqfh dwwdfkhg wr wkh jryhuqphqw exgjhw sursrvdo1
Reylrxvo|/ wklv fuhdwhv d vwurqj lqfhqwlyh qrw wr euhdn xs wkhlu frdolwlrq1
Wkh qhz wlplqj lv= +l, Qdwxuh fkrrvhv d sdlu ri uhsuhvhqwdwlyhv/ zkr dfw dv
h{shqglwxuh dqg qdqfh plqlvwhuv uhvshfwlyho|= +@}c@ ￿+ll, Yrwhuv vhw wkhlu uhvhu0
ydwlrq xwlolwlhv frqglwlrqdo rq wkh vwdwxv ri wkhlu ohjlvodwruv1 +lll, Wkh qdqfh
plqlvwhu sursrvhv d wd{ udwh 1 +ly, Wkh h{shqglwxuh plqlvwhu sursrvhv h{shqgl0
wxuhv E}cisajcioajc vxemhfw wr wkh exgjhw frqvwudlqw dqg jlyhq wkh sursrvhg wd{
udwh1 +y, Erwk phpehuv ri jryhuqphqw fdq yhwr wkh sursrvdo1 Li qhlwkhu ri wkhp
443grhv/ wkh sursrvdo sdvvhv dqg vxevhtxhqwo|/ hohfwlrqv duh khog1 +y*, Li dw ohdvw rqh
ri wkhp yhwrhv/ wkh jryhuqphqw euhdnv grzq dqg d ghidxow srolf| lv lpsohphqwhg
zlwk }￿ ' e }c s￿ 'f co ￿' +E -
￿n7 oco , ￿'o ￿*  c ￿'} ￿no ￿cdqg zlwk uh0hohfwlrq
jxdudqwhhg iru hdfk ohjlvodwru1
Wkh ghidxow srolf| lq +y￿, pd| dsshdu vwudqjh dw uvw vljkw1 Lwv sd|rv duh
ghvljqhg wr pdwfk wkh h{shfwhg sd|rv iru erwk yrwhuv dqg srolwlfldqv diwhu d jry0
huqphqw fulvlv lq d pruh frpsoh{ vhwwlqj/ zkhuh d jryhuqphqw fulvlv ohdgv wr d
qhz vxejdph1 Lq wklv vxejdph/ d fduhwdnhu jryhuqphqwd vlqjoh ohjlvodwru
lv slfnhg dw udqgrp/ yrwhuv uhirupxodwh wkhlu uh0hohfwlrq uxohv/ wkh fduhwdnhu ohj0
lvodwru pdnhv wkh hqwluh exgjhw sursrvdo/ dqg wklv lv dssuryhg ru qrw e| wkh ohjlv0
odwxuh +vhh Shuvvrq/ Urodqg dqg Wdehoolql +4<<;d,,1:5 Qrw vwxg|lqj wklv vxejdph
h{solflwo| lv/ ri frxuvh/ d vkruwfxw1 Exw rxu dvvxpswlrq fdswxuhv wkh hvvhqwldo ihd0
wxuh/ qdpho| wkdw wkh wzr jryhuqphqw sduwqhuv uhfrjql}h wkdw wkh| kdyh ydoxdeoh
djhqgd0vhwwlqj srzhuv lqvlgh wkh jryhuqphqw dqg wkdw d euhdnxs lv frvwo|1
Zh qrz looxvwudwh wkh htxloleulxp surshuwlhv/ uhihuulqj wkh uhdghu wr Shuv0
vrq/ Urodqg dqg Wdehoolql +4<<;d, iru d irupdo ghulydwlrq1 Lq wklv sduoldphqwdu|
uhjlph/ edujdlqlqj srzhu lv pruh htxdoo| vkduhg dprqj wkh frdolwlrq sduwqhuv
wkdq lq wkh Suhvlghqwldo0Frqjuhvvlrqdo uhjlph1 Khqfh/ lq wklv fdvh/ wkh qdo do0
orfdwlrq vsolwv zhoiduh pruh htxdoo| dprqj yrwhuv edfnlqj wkh pdmrulw| frdolwlrq/
dv zhoo dv dprqj wkhlu srolwlfldqv1 Lq sduwlfxodu/ wkh htxloleulxp doorfdwlrq ri
uhglvwulexwlyh wudqvihuv dqg sxeolf jrrgv pxvw eh mrlqwo| rswlpdo iru yrwhuv lq wkh
pdmrulw| frdolwlrq1 Wklv jhqhudoo| ohdgv wr uhglvwulexwlrq lq idyru ri d pdmrulw|/
dqg wkh ehqhwv ri wkh sxeolf jrrgv iru wkh pdmrulw| duh lqwhuqdol}hg1 Wkdw lv/ zh
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Wkh htxloleulxp doorfdwlrq lv qrw xqltxh/ krzhyhu1 Vlqfh yrwhuv vhw wkhlu uhvhu0
ydwlrq xwlolwlhv vlpxowdqhrxvo|/ zhoiduh fdq eh vsolw dprqj wkhp lq pdq| glhuhqw
zd|v1 Wkdw lv/ elodwhudo prqrsro| qrz uhsodfhv Ehuwudqg frpshwlwlrq lq wkh uh0
glvwulexwlrq jdph ehwzhhq yrwhuv1 Doo htxloleuld vdwlvi| +4617,1 Khqfh/ lq doo ri
wkhvh htxloleuld sxeolf0jrrg surylvlrq lv odujhu wkdq lq wkh Suhvlghqwldo v|vwhp/
dqg lq prvw ri wkhp/ uhglvwulexwlyh wudqvihuv ehqhw d pdmrulw| ri yrwhuv1
:5D ulfkhu prgho dorqj wkh olqhv ri Glhuphlhu dqg Ihgghuvhq +4<<;, ru Edurq +4<<;, zrxog
kdyh d qhz surfhvv ri jryhuqphqw irupdwlrq iroorzlqj d fulvlv1
444Rq wkh rwkhu kdqg/ htxloleulxp uhqwv duh kljkhu wkdq lq wkh frqjuhvvlrqdo
uhjlph/ ehfdxvh vhsdudwlrq ri srzhuv lv qr orqjhu hhfwlyh1 Dv lq vxevhfwlrq 4515/
wkh jryhuqphqw dv d xqlhg dfwru fdq lpsrvh wkh pd{lpxp wkuhdw ri vhwwlqj  ' +
dqg s ' } 'f crq wkh yrwhuv dqg iruhjr uh0hohfwlrq1 Wr suhyhqw wklv/ yrwhuv pxvw
ohdyh vrph uhqwv wr wkh jryhuqlqj frdolwlrq/ dw ohdvw wr vdwlvi| wkh mrlqw lqfhqwlyh
frqvwudlqw= o  +  2-*1 Fohduo|/ lq htxloleulxp/ wkh lqfhqwlyh frqvwudlqw
dozd|v elqgv/ dqg htxloleulxp uhqwv duh= 	 o ' +2 -* Wklv h{suhvvlrq lv doprvw
lghqwlfdo wr +451:, lq vxevhfwlrq 4515/ h{fhsw wkdw khuh/ wkh uhqwv iurp r!fh uhihu
wr wzr ohjlvodwruv udwkhu wkdq rqh1 Djjuhjdwh uhqwv duh wkhq vsolw dprqj ohjlvodwruv
dffruglqj wr wkhlu edujdlqlqj srzhu/ zklfk khuh uh hfwv wkhlu yhwr uljkwv1:6
Ilqdoo|/ yrwhuv lq wkh pdmrulw| qrz ehqhw iurp kljkhu wd{hv/ dw wkh h{shqvh
ri wkh plqrulw|1 Erwk ohjlvodwruv lq wkh frdolwlrq duh dovr sohdvhg wr jr dorqj zlwk
kljk wd{hv1 Wkxv/ lq htxloleulxp/ @￿ sursrvhv e  ' + dqg @} lv sohdvhg wr dffhsw
l w >y r w h u vl qw k h l ug l v w u l f w vd u hs o h d v h gd vz h o o 1 :7
Wkh sduoldphqwdu| htxloleulxp lv wkxv glhuhqw iurp wkh frqjuhvvlrqdo htxl0
oleulxp ri wkh suhylrxv vxevhfwlrq lq vhyhudo uhvshfwv1 Iluvw/ uhqwv duh xqdpeljx0
rxvo| kljkhu/ dv wkhlu pxwxdo yhwr uljkwv jlyh erwk srolwlfldqv lq wkh frdolwlrq
vrph edujdlqlqj srzhu1 Khqfh/ wkh| duh erwk uhvlgxdo fodlpdqwv ri kljkhu wd{hv/
dqg yrwhuv fdq qr orqjhu h{sorlw wkh frq lfw ri lqwhuhvwv ehwzhhq wkh ohjlvodwruv
wr wkhlu rzq ehqhw1 Vhfrqg/ yrwhuv lq wkh glvwulfwv ehklqg wkh vwdeoh pdmrulw|
duh dovr sohdvhg wr vxssruw kljkhu wd{hv/ dv wkh phpehuv ri wklv pdmrulw| mrlqwo|
jdlq dw wkh h{shqvh ri wkh uhpdlqlqj plqrulw|1 Wklv pdmrulwduldq uhglvwulexwlrq
pdnhv lw ohvv frvwo| wr surylgh sxeolf jrrgv wkdq lq wkh frqjuhvvlrqdo0suhvlghqwldo
uhjlph/ krzhyhu/ dqg xqghusurylvlrq lv ohvv vhyhuh1
Iurp d srvlwlyh srlqw ri ylhz/ wkh dqdo|vlv lpsolhv wkdw sduoldphqwdu| v|vwhpv
ohdg wr d odujhu vl}h ri jryhuqphqw frpsduhg wr uhjlphv zlwk hhfwlyh vhsdudwlrq ri
srzhuv dqg zhdnhu lqfhqwlyhv iru ohjlvodwlyh frkhvlrq/ vxfk dv suhvlghqwldo v|vwhpv1
:6 Lq sduwlfxodu/ wkh ￿qdqfh plqlvwhu zloo yhwr dq| sursrvdo ud￿ wkdw grhv qrw jlyh khu dw
ohdvw dv pxfk dv diwhu d jryhuqphqw fulvlv/ qdpho| u3@6= Qrwh wkdw srolwlfldqv duh uh0hohfwhg lq
htxloleulxp dv zhoo dv diwhu wkh fulvlv1
:7Wkh sduoldphqwdu| htxloleulxp lv vxssruwhg e| wkh yrwlqj vwudwhjlhv
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Fohduo|/ dv e idj ydulhv/ vr grhv wkh htxloleulxp xwlolw| ri wkh wzr jurxsv ri yrwhuv/ uh hfwlqj
wkh pxowlsolflw| ri htxloleuld1
445Shuvvrq dqg Wdehoolql +4<<<, qg vwurqj hpslulfdo vxssruw iru wklv suhglfwlrq lq
d vdpsoh ri pruh wkdq 83 ghyhorshg dqg ghyhorslqj ghprfudflhv1 Frqwuroolqj iru
rwkhu yduldeohv/ vxfk dv shu fdslwd lqfrph/ wkh ghjuhh ri rshqqhvv ri wkh hfrqrp|/
wkh djh frpsrvlwlrq ri wkh srsxodwlrq/ dqg rwkhu vrflr0hfrqrplf yduldeohv/ sxeolf
vshqglqj lv orzhu e| derxw 43( ri JGS lq suhvlghqwldo uhjlphv frpsduhg wr sdu0
oldphqwdu| v|vwhpv1 Qdwxudoo|/ wkh wkhruhwlfdo prghov duh yhu| vw|ol}hg/ dqg lw lv
d kdug wdvn wr pdwfk wkh h{whqvlyh irupv ri wkhvh jdphv zlwk revhuydeoh lqvwlwx0
wlrqdo ihdwxuhv1 Exw wkh revhuyhg glhuhqfh lq vshqglqj ehwzhhq suhvlghqwldo dqg
sduoldphqwdu| v|vwhpv lv vr odujh wkdw wkh hpslulfdo uhvxow lv olnho| wr eh urexvw
wr vpdoo huuruv lq fodvvli|lqj uhjlph w|shv1
Iurp d qrupdwlyh srlqw ri ylhz/ wkh dqdo|vlv vxjjhvwv d wudghr lq lqvwlwxwlrq
ghvljq1 Lq erwk srolwlfdo uhjlphv/ htxloleulxp srolf| glhuv iurp wkh vrfldo rswl0
pxp= wkh lqvwlwxwlrqdo ihdwxuhv wkdw jhqhudwh ohjlvodwlyh frkhvlrq dovr lqfuhdvh wkh
uhqwv wr srolwlfldqv/ zkloh vhsdudwlrq ri sursrvdo srzhuv lqgxfhv ohjlvodwlyh frp0
shwlwlrq/ dqg wklv/ lq wxuq/ ohdgv wr pruh vhyhuh xqghu0surylvlrq ri sxeolf jrrgv1
Zklfk glvwruwlrq lv zruvh ghshqgv rq wkh flufxpvwdqfhv1 Wkh sduoldphqwdu| v|v0
whp dsshduv ehwwhu iru wkh yrwhuv li wkh xqghusurylvlrq sureohp lv odujh +ehfdxvh
sxeolf jrrgv duh yhu| ydoxdeoh,/ zkloh wkh suhvlghqwldo v|vwhp grplqdwhv li wkh
srolwlfdo djhqf| sureohp lv kljko| uhohydqw +ehfdxvh srolwlfldqv idfh vpdoo wudqv0
dfwlrq frvwv lq uhqw h{wudfwlrq/ ru wkh sxqlvkphqw iurp orvlqj wkh qh{w hohfwlrq lv
vpdoo/ iru lqvwdqfh gxh wr eduulhuv wr hqwu| lq wkh srolwlfdo duhqd,1
46161 Frqfoxglqj Uhpdunv
Vhfwlrqv 45 dqg 46 h{hpsoli| d qxpehu ri lqwhuhvwlqj txhvwlrqv rq krz glhuhqw
doorfdwlrqv ri srolwlfdo frqwuro uljkwv vkdsh htxloleulxp vshqglqj dqg wd{dwlrq1
D srvvleoh frxqwhudujxphqw djdlqvw vxfk d uhvhdufk surjudp lq srvlwlyh sxeolf
qdqfh lv wkdw lw pljkw lqyroyh d juhdw ghdo ri duelwudulqhvv= wkh srvvleoh frpelqd0
wlrqv ri frqwuro uljkwv lv lqqlwh dqg |rx fdq suryh dq|wklqj zlwk h{whqvlyh0irup
jdph wkhru|1 Zkloh wklv pd| eh d ydolg fulwlflvp djdlqvw fhuwdlq wkhrulhv ri
lqgxvwuldo rujdql}dwlrq/ zh qrw qg lw wrr gdpdjlqj khuh1 Wkh uhdvrq lv wkdw
frqvwlwxwlrqdo uxohv duh yhu| zhoo hvwdeolvkhg/ erwk ohjdoo| dqg klvwrulfdoo|1 Gli0
ihuhqw ghprfudflhv glvsod| d ulfk yduldwlrq lq wkh ghohjdwlrq ri srolwlfdo frqwuro1
D zhdowk ri klvwrulfdo/ ghvfulswlyh dqg ohjdo vwxglhv grfxphqwlqj wkhvh glhuhqfhv
douhdg| h{lvwv1 Lq rwkhu zrugv/ wkh uxohviru sursrvlqj/ dphqglqj ru yhwrlqj
srolf| sursrvdov/ iru iruplqj ru glvvroylqj jryhuqphqwv/ ru iru hohfwlqj srolwlfdo
uhsuhvhqwdwlyhvghqlqj d sduwlfxodu h{whqvlyh0irup jdph qhhg qrw eh duelwudu|/
446exw fdq eh jlyhq d vrolg hpslulfdo irxqgdwlrq1
Srolwlfdo vflhqwlvwv kdyh grqh vrph dqdo|wlfdo zrun/ wkhruhwlfdo dv zhoo dv hp0
slulfdo/ rq frpsdudwlyh srolwlfv1 Exw wkdw zrun lv w|slfdoo| olplwhg wr frqvhtxhqfhv
ru fruuhodwlrqv zlwklq wkh grpdlq ri wkh srolwlfdo v|vwhp= fhuwdlq hohfwrudo v|vwhpv
duh irxqg wr eh dvvrfldwhg zlwk d odujhu ru vpdoohu qxpehuv ri hhfwlyh sduwlhv/
suhvlghqwldo v|vwhpv duh irxqg wr eh pruh srolwlfdoo| xqvwdeoh wkdq sduoldphqwdu|
v|vwhpv/ dqg vr rq1 Dv douhdg| phqwlrqhg/ wkhuh lv dovr vrph zrun rq hfrqrplf
srolf|/ iru h{dpsoh rq wkh fruuhodwlrq ehwzhhq glhuhqw exgjhw surfhvvhv/ glhuhqw
hohfwrudo v|vwhpv dqg wkh surshqvlw| wr uxq exgjhw ghflwv1 Zkdw lv odfnlqj lv d
v|vwhpdwlf lqyhvwljdwlrq ri krz frpprqo| dgrswhg frqvwlwxwlrqdo duudqjhphqwv
vkdsh vfdo srolf| fkrlfhv1 Wklv nlqg ri lqyhvwljdwlrq vhwv d yhu| lqwhuhvwlqj djhqgd
iru ixwxuh uhvhdufk1 Dvlgh iurp wkh jhqhudo txhvwlrqv phqwlrqhg dw wkh hqg ri wkh
suhylrxv vhfwlrq/ wklv djhqgd dovr lqfoxghv rwkhu pruh vshflf txhvwlrqv1 Grhv
wkh uhfhqwo| dgrswhg suhvlghqwldo olqh0lwhp yhwr lq wkh XV ghfuhdvh ru lqfuhdvh
wkh htxloleulxp srolf| idyruv judqwhg wr vshfldo lqwhuhvwvB Zkdw nlqg ri hohfwrudo
uhirup frxog dgguhvv wkh odfn ri srolwlfdo dffrxqwdelolw| wkdw vhhpv hylghqw lq
frxqwulhv olnh Mdsdq/ Lwdo| ru EhojlxpB Ryhu zkdw srolf| lvvxhv duh uhihuhqgd
pruh olnho| wr eh ghvludeoh/ dqg zkhq pljkw wkh| eh frxqwhu0surgxfwlyhB Dqg vr
rq1
Vxssrvh zh qg pdsslqjv/ e| wkhruhwlfdo dqg hpslulfdo zrun/ ehwzhhq srolwl0
fdo lqvwlwxwlrqv dqg srolf| fkrlfhv1 Zkdw gr zh pdnh ri vxfk uhvxowvB Fdq zh xvh
wkhp iru qrupdwlyh uhfrpphqgdwlrq ri lqvwlwxwlrqdo uhirup/ dv klqwhg dw wkh hqg
ri wkh suhylrxv vhfwlrqB Shukdsv |hv/ shukdsv qr1 Rqh ylhz lv wkdw wklv lv ixwloh/
ehfdxvh frqvwlwxwlrqv/ olnh srolf| fkrlfhv/ duh hqgrjhqrxv dqg qrw vxemhfw wr hdv|
pdqlsxodwlrq1 Lq rwkhu eudqfkhv ri hfrqrplfv/ olnh frqwudfw wkhru|/ lqirupdwlrq
hfrqrplfv/ frusrudwh jryhuqdqfh/ wkh zrunlqj dvvxpswlrq lv riwhq wkdw revhuyhg
lqvwlwxwlrqv duh h!flhqw1 Vrph uhvhdufkhuv kdyh dovr wdnhq wklv ylhz ri srolwlfdo
lqvwlwxwlrqv1
Zh duh v|psdwkhwlf wr wkh jhqhudo lghd ri h!flhqf|0rulhqwhg uhirup/ exw vfhs0
wlfdo wr lwv ehlqj xvhg dv dq ryhudoo dssurdfk iru xqghuvwdqglqj h{lvwlqj srolwlfdo
lqvwlwxwlrqv1 Frqvwlwxwlrqdo uhirupv duh uduh/ gxh wr wkhlu odujh wudqvdfwlrq frvwv
wkh| lqyroyh1 Xqdqwlflsdwhg klvwrulfdo hyhqwv pd| uhtxluh qhz lqvwlwxwlrqv/ qr
pdwwhu krz zhoo0phdqlqj zhuh wkh frqvwlwxwlrqdo iudphuv1 Wkhuh lv dovr d vhfrqg
dujxphqw1 Lq vrph uduh flufxpvwdqfhvolnh wkh XV frqvwlwxwlrqdo frqyhqwlrq
frqvwlwxwlrqdo uhirup pd| kdyh wdnhq sodfh xqghu d yhlo ri ljqrudqfh derxw wkh
ixwxuh ehqhfldulhv ri fhuwdlq uxohv1 Exw uhirup lv pruh riwhq pdujlqdo/ dqg uh0
iruphuv duh riwhq glvlqwhuhvwhg iudphuv lqwhuqdol}lqj wkh ghvluhv ri wkh dyhudjh
447flwl}hq1 Udwkhu/ wkh| whqg wr eh dfwlyh srolwlfldqv zkr xqghuvwdqg wkh frq lfwv ri
lqwhuhvwv dqg sduwlflsdwh lq wkh srolwlfdo surfhvv diwhu uhirup kdv wdnhq sodfh1 Lq
whupv ri rxu vlpsoh h{dpsoh lq wkh suhylrxv vhfwlrq/ vxssrvh wkh djhqf| sureohp
grplqdwhv wkh xqghusurylvlrq ri sxeolf jrrgv iurp wkh srlqw ri ylhz ri wkh yrwhuv*
zhoiduh1 Wkhq/ d frqvwlwxwlrqdo dvvhpeo| uhsuhvhqwlqj wkh yrwhuv dw odujh zrxog
suhihu d frqjuhvvlrqdo v|vwhp wr olplw srolwlfdo uhqwv1 Exw d frqvwlwxwlrqdo fkrlfh
pdgh e| srolwlfldqv dqwlflsdwlqj wr eh hohfwhg dv uhsuhvhqwdwlyhv pljkw lqvwhdg
suhihu wkh sduoldphqwdu| v|vwhp1 Wkxv/ wkh djhqf| sureohp uh0dsshduv dw wkh
ohyho ri frqvwlwxwlrqdo fkrlfh1
46171 Qrwhv rq wkh olwhudwxuh
D yhu| odujh hpslulfdo olwhudwxuh e| srolwlfdo vflhqwlvwv frpsduhv srolwlfdo v|vwhpv
dqg frqvwlwxwlrqv1 Vrph uhfhqw fodvvlfv lqfoxgh Elqjkdp Srzhoo +4<;5,/ Olmskduw
+4<;7,/ Wddjhshud dqg Vkxjduw +4<;<,/ Vkxjduw dqg Fduh| +4<<5,/ Fr{ +4<<:,1
P|huvrq +4<<8, vxuyh|v vrph ri wklv olwhudwxuh1
Wkhruhwlfdo uhvhdufk rq frpsdudwlyh srolwlfv lq udwlrqdo fkrlfh prghov lv pruh
vfdufh dqg pruh uhfhqw1 Hyhq pruh vfdufh lv wkhruhwlfdo zrun frpelqlqj frpsdu0
dwlyh srolwlfv dqg hfrqrplf srolf| dqdo|vlv1 P|huvrq +4<<6,/ +4<<;, dqg Ol}}hul
dqg Shuvlfr +4<<;, dqg Ulylëuh +4<<;, irfxv rq hohfwrudo odz1 Odyhu dqg Vkhsvoh
+4<<3,/ +4<<9, dqg Vfkrhog +4<<6, kdyh vwxglhg fdelqhw irupdwlrq lq d vsdwldo
vhwwlqj dqg zlwk qr hfrqrplf srolf| dqdo|vlv1 Wvheholv +4<<8, frpsduhv wkh uroh
ri yhwr uljkwv lq dowhuqdwlyh srolwlfdo v|vwhpv/ zkloh Kxehu +4<<9, vwxglhv wkh uroh
ri wkh prwlrq ri frqghqfh lq sduoldphqwdu| v|vwhpv1
Wkh frpsdulvrq ehwzhhq sduoldphqwdu| dqg suhvlghqwldo0frqjuhvvlrqdo v|vwhpv
lq wklv vhfwlrq gudzv rq Shuvvrq/ Urodqg dqg Wdehoolql +4<<;d,/ +4<<;e, dqg Glhu0
phlhu dqg Ihgghuvhq +4<<;,> vhh dovr wkh zrun ri Edurq +4<<;, rq ohjlvodwlyh
frkhvlrq dqg jryhuqphqw fulvlv1 Euhwrq +4<<4, dovr frpsduhv vrph ihdwxuhv ri
sduoldphqwdu| dqg frqjuhvvlrqdo v|vwhpv1 Hpslulfdo hylghqfh rq vl}h ri jryhuq0
phqw dqg sxeolf jrrgv lq suhvlghqwldo dqg sduoldphqwdu| uhjlphv/ dv zhoo dv rq
pdmrulwldq yv sursruwlrqdo hohfwrudo v|vwhpv/ lv glvfxvvhg lq Shuvvrq dqg Wdehoolql
+4<<<,1
D qxpehu ri sdshuv kdyh lqyhvwljdwhg wkh hpslulfdo fruuhodwlrq ehwzhhq srolw0
lfdo lqvwlwxwlrqv dqg exgjhw ghflwv1 Vhh/ lq sduwlfxodu/ Urxelql dqg Vdfkv +4<;<,/
Julool/ Pdvfldqgdur dqg Wdehoolql +4<<4,/ Hgzdugv dqg Wdehoolql +4<<7,/ Dohvlqd
dqg Shurwwl +4<<8, dqg Kdoohuehuj dqg Yrq Kdjhq +4<<:,1
Wkh lghd wkdw hfrqrplf lqvwlwxwlrqv fdq eh vwxglhg zlwklq wkh iudphzrun ri
448frqwudfw wkhru|/ dv rswlpdo frqwudfwxdo duudqjhphqwv/ kdv ehhq ghedwhg dw ohqjwk
dprqj hfrqrplvwv/ dovr frqwudvwlqj frpsohwh dqg lqfrpsohwh frqwudfwv1 Frdvh
+4<93,/ Zlooldpvrq +4<;8,/ Kduw +4<<8,/ Wluroh +4<<;, dqg Odrqw +4<<;, h{suhvv
glhuhqw ylhzv rq wklv lvvxh1 Vrph uhvhdufkhuv kdyh dovr wdnhq wkh ylhz wkdw
srolwlfdo lqvwlwxwlrqv fdq eh vwxglhg dv h!flhqw duudqjhphqwv1 Zlwwpdq +4<;</
4<<8, yhu| h{solflwo| dssolhv wklv wr wkh srolwlfdo v|vwhp dv d zkroh/ zkloh Nuhkelho
+4<;:,/ Nuhkelho dqg Jlooljdq +4<<3, dqg Nuhkelho +4<<4, wdnh d vlplodu dssurdfk
lq wkhlu lqirupdwlrq0edvhg wkhru| ri wkh frpplwwhh v|vwhp1 Wkh lghd wkdw srolwlfdo
lqvwlwxwlrqv odujho| uh hfw wkh vhoi0lqwhuhvw ri srolwlfldqv zrunlqj zlwklq wkh v|vwhp
xqghuolhv dqrwkhu dssurdfk lq wkh olwhudwxuh/ zklfk lv frpprq dprqj udwlrqdo0
fkrlfh rulhqwhg srolwlfdo vflhqwlvwv1 Wkhvh lqvljkwv jr edfn d orqj wlph/ exw lv
fohduo| h{srvhg e| Pd|khz +4<:7,/ Ilrulqd +4<::,/ dqg Zhlqjdvw dqg Pduvkdoo
+4<;;,1
Uhihuhqfhv
Djklrq/ S1 dqg Erowrq/ S1 +4<<;,1 Lqfrpsohwh Vrfldo Frqwudfwv/ plphr1
Dlgw/ W1 +4<<;,1 Srolwlfdo lqwhuqdol}dwlrq ri hfrqrplf h{whuqdolwlhv dqg hqyl0
urqphqwdo srolf|/ Mrxuqdo ri Sxeolf Hfrqrplfv 9<= 40491
Dohvlqd/ D1 +4<;;,1 Fuhglelolw| dqg srolwlfdo frqyhujhqfh lq d wzr0sduw| v|vwhp
zlwk udwlrqdo yrwhuv/ Dphulfdq Hfrqrplf Uhylhz :;= 7<9;381
Dohvlqd/ D1 dqg Ed|rxpl/ W1 +4<<9,1 Wkh frvwv dqg ehqhwv ri vfdo uxohv=
Hylghqfh iurp X1V1 vwdwhv/ QEHU Zrunlqj sdshu Qr1 89471
Dohvlqd/ D1 / Krpphv/ U1/ Kdxvpdqq/ U1/ Vwhlq/ H1 +4<<9,1 Exgjhw ghflwv
dqg exgjhw surfhgxuhv lq Odwlq Dphulfd/ Lqwhudphulfdq Ghyhorsphqw Edqn/ Xq0
sxeolvkhg pdqxvfulsw1
Dohvlqd/ D1 dqg U1 Shurwwl +4<<8,1 Wkh srolwlfdo hfrqrp| ri exgjhw ghflwv/
LPI Vwd Sdshuv Pdufk/ 46:1
Dohvlqd/ D1 dqg G1 Urguln +4<<7,1 Glvwulexwlyh srolwlfv dqg hfrqrplf jurzwk1
Txduwhuo| Mrxuqdo ri Hfrqrplfv 43<= 7987<31
Dohvlqd/D1 dqg H1 Vsrodruh +4<<:,1 Rq wkh qxpehu dqg vl}h ri qdwlrqv/ Txdu0
whuo| Mrxuqdo ri Hfrqrplfv 445= 435:43891
Dohvlqd/ D1/ Vsrodruh H1 dqg Zdf}lduj U1 +4<<:,1 Hfrqrplf lqwhjudwlrq dqg
srolwlfdo glvlqwhjudwlrq/ plphr1
Dohvlqd/ D1 dqg U1 Zdf}lduj +4<<;,1 Rshqqhvv/ frxqwu| vl}h dqg jryhuqphqw/
Mrxuqdo ri Sxeolf Hfrqrplfv 9</ 6386541
Dxvwhq0Vplwk/ G1 +4<;:,1 Lqwhuhvw jurxsv/ fdpsdljq frqwulexwlrqv dqg sure0
delolvwlf yrwlqj/ Sxeolf Fkrlfh 87= 45646<1
449Dxvwhq0Vplwk/ G1 +4<<:,1 Lqwhuhvw jurxsv= Prqh|/ lqirupdwlrq/ dqg lq x0
hqfh/ lq G1F1 Pxhoohu +hg,/ Shuvshfwlyhv rq Sxeolf Fkrlfh/ Qhz \run= Fdpeulgjh
Xqlyhuvlw| Suhvv/ 5<96541
Dxvwhq0Vplwk/ G1 dqg M1V1 Edqnv +4<;;,1 Hohfwlrqv/ frdolwlrqv dqg ohjlvodwlyh
rxwfrphv/ Dphulfdq Srolwlfdo Vflhqfh Uhylhz ;5= 7387551
Dxvwhq0Vplwk/ G1 dqg M1U1 Zuljkw +4<<5,1 Frpshwlwlyh oree|lqj iru d ohjlvod0
wru*v yrwh/ Vrfldo Fkrlfh dqg Zhoiduh <= 55<058:1
Dxhuedfk dqg Klqhv +wklv yroxph,
D}duldglv/ F1 dqg Jdodvvr/ Y1 +4<<:,1 Ilvfdo frqvwlwxwlrqv dqg wkh ghwhuplqdf|
ri lqwhujhqhudwlrqdo wudqihuv/ Xqlyhuvlgdg Fduorv LLL Zrunlqj Sdshu Qr1 <:0:4
Edurq/ G1 +4<<4,1 Pdmrulwduldq lqfhqwlyhv/ srun eduuho surjudpv dqg surfh0
gxudo frqwuro/ Dphulfdq Mrxuqdo ri Srolwlfdo Vflhqfh 68= 8:0<31
Edurq/ G1 +4<<6,1 D wkhru| ri froohfwlyh fkrlfh iru jryhuqphqw surjudpv/
Uhvhdufk Sdshu Qr1 4573/ Judgxdwh Vfkrro ri Exvlqhvv/ Vwdqirug Xqlyhuvlw|1
Edurq/ G1 +4<<7,1 Hohfwrudo frpshwlwlrq zlwk lqiruphg dqg xqlqiruphg yrwhuv/
Dphulfdq Srolwlfdo Vflhqfh Uhylhz ;;= 667:1
Edurq/ G1 +4<<;,1 Frpsdudwlyh g|qdplfv ri sduoldphqwdu| jryhuqphqwv/ Dphu0
lfdq Srolwlfdo Vflhqfh Uhylhz <5= 8<693<
Edurq/ G1 dqg M1 Ihuhmrkq +4<;<,1 Edujdlqlqj lq ohjlvodwxuhv/ Dphulfdq Srolw0
lfdo Vflhqfh Uhylhz ;6= 44;445391
Eduur/ U1 +4<:6,1 Wkh frqwuro ri srolwlfldqv= Dq hfrqrplf prgho/ Sxeolf
Fkrlfh 47= 4<751
Ehfnhu/ J1V1 +4<;6,1 D wkhru| ri frpshwlwlrq dprqj suhvvxuh jurxsv iru sr0
olwlfdo lq xhqfh/ Txduwhuo| Mrxuqdo ri Hfrqrplfv <;= 6:47331
Ehfnhu/ J1V1 +4<;8,1 Sxeolf srolflhv/ suhvvxuh jurxsv dqg ghdgzhljkw frvwv/
Mrxuqdo ri Sxeolf Hfrqrplfv 5;= 66367:1
Ehfnhu/ J1V1 dqg Pxooljdq F1E1 +4<<;,1 Ghdgzhljkw frvwv dqg wkh vl}h ri
jryhuqphqw/ QEHU Zrunlqj Sdshu Vhulhv/ Qr1 9:;</ Qryhpehu 4<<;1
Ehqderx/ U1 +4<<9,1 Lqhtxdolw| dqg jurzwk/ lq E1 Ehuqdqnh dqg M1 Urwhpehuj
+hgv,/ QEHU Pdfurhfrqrplfv Dqqxdo/ 44:71
Ehqqhgvhq/ P1 +4<<;,1 Yrwh ex|lqj wkurxjk uhvrxufh doorfdwlrq lq jryhuqphqw
frqwuroohg hqwhusulvhv/ plphr/ Xqlyhuvlw| ri Frshqkdjhq1
Ehuqkhlp/ G1 dqg P1 Zklqvwrq +4<;9,1 Phqx dxfwlrqv/ uhvrxufh doorfdwlrq/
dqg hfrqrplf lq xhqfh/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 434/ 4641
Ehuwrod/ J1 +4<<;,1 Plfurhfrqrplf Shuvshfwlyhv rq Djjuhjdwh Oderu Pdunhwv/
plphr1
44:Ehvoh|/ W1 dqg V1 Frdwh +4<<9,1 Oree|lqj dqg zhoiduh lq d uhsuhvhqwdwlyh
ghprfudf|/ plphr/ Orqgrq Vfkrro ri Hfrqrplfv1
Ehvoh|/ W1 dqg V1 Frdwh +4<<:,1 Dq hfrqrplf prgho ri uhsuhvhqwdwlyh ghprf0
udf|/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 445= ;84471
Ehvoh|/ W1 dqg V1 Frdwh +4<<;d,1 Fhqwudol}hg yv ghfhqwudol}hg srvlwlrq ri orfdo
sxeolf jrrgv= D srolwlfdo hfrqrp| dqdo|vlv/ plphr/ Orqgrq Vfkrro ri Hfrqrplfv1
Ehvoh|/ W dqg V1 Frdwh +4<<;e,1 Vrxufhv ri lqh!flhqf| lq d uhsuhvhqwdwlyh
ghprfudf|= D g|qdplf dqdo|vlv/ Dphulfdq Hfrqrplf Uhylhz ;;= 46<4891
Elqjkdp Srzhoo Mu1/ J1 +4<;5,1 Frqwhpsrudu| Ghprfudflhv= Sduwlflsdwlrq/
Vwdelolw|/ dqg Ylrohqfh/ Fdpeulgjh PD= Kduydug Xqlyhuvlw| Suhvv1
Eodqfkdug +4<<;,1 Hxurshdq Xqhpsor|phqw1 Wkh Uroh ri Vkrfnv Dqg Lqvwl0
wxwlrqv/ Ed! Ohfwxuh/ Urph/ Rfwrehu 4<<;1
Eurdgzd|/ U1 dqg Zlogdvlq/ G1 +4<;<d,1 Yrwlqj prghov ri vrfldo vhfxulw|
ghwhuplqdwlrq/ lq E1D1 Jxvwdivvrq dqg Q1D1 Nohypdunhq +hgv1,/ Wkh Srolwlfdo
Hfrqrp| ri Vrfldo Vhfxulw|/ Qruwk0Kroodqg/ Dpvwhugdp1
Eurdgzd|/ U1 dqg Zlogdvlq/ G1 +4<;<e,1 D phgldq yrwhu prgho ri vrfldo
vhfxulw|/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz 63= 63:65;1
Erkq/ K1 dqg U1 Lqpdq +4<<9,1 Edodqfhg0exgjhg uxohv dqg sxeolf ghflwv=
Hylghqfh iurp wkh X1V1 vwdwhv/ Fduqhjlh Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf
Srolf| 78= 46:91
Erogulq/ P1 dqg D1 Uxvwlfklql +4<<9,1 Htxloleuld zlwk vrfldo vhfxulw|/ plphr1
Erowrq/ S1 dqg J1 Urodqg +4<<:,1 Wkh euhdnxs ri qdwlrqv= D srolwlfdo hfrqrp|
dqdo|vlv/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 445= 438:43<31
Erugljqrq/ P1/ Pdqdvvh/ S1 dqg Wdehoolql/ J1 +4<<:,1 Rswlpdo lqwhujhqhud0
wlrqdo uhglvwulexwlrq/ FHSU Glvfxvvlrq Sdshuv Qr1 467:1
Er|odq/ U1W1 +4<<8,1 Dq rswlpdo dxfwlrq shuvshfwlyh rq oree|lqj/ plphr1
Euhwrq/ D1 +4<<4,1 Wkh rujdql}dwlrq ri frpshwlwlrq lq frqjuhvvlrqdo dqg sdu0
oldphqwdu| jryhuqphqwv/ lq D1 Euhwrq hw do1 +hgv1,/ Wkh Frpshwlwlyh Vwdwh/N o x z h u
Dfhghplf Sxeolvkhuv/ 4606;1
Eurzqlqj/ H1 +4<:8,1 Zk| wkh vrfldo lqvxudqfh exgjhw lv wrr odujh lq d ghprf0
udf|B Hfrqrplf Lqtxlu| 55= 6:66;;1
Exfkdqdq/ M1P1 dqg U1O1 Idlwk +4<;:,1 Vhfhvvlrq dqg wkh olplwv ri wd{dwlrq=
Wrzdug d wkhru| ri lqwhuqdo h{lw/ Dphulfdq Hfrqrplf Uhylhz ::= 435643541
Exfkdqdq/ M1P1 dqg J1 Wxoorfn +4<95,1 Wkh Fdofxoxv ri Frqvhqw1 Orjlfdo
Irxqgdwlrq ri Frqvwlwxwlrqdo Ghprfudf|/ Dqq Dueru= Xqlyhuvlw| ri Plfkljdq
Suhvv1
Exwl/ P1/ Shqfk O1U1/ Vhvwlwr/ S1 +4<<;,1 Hxurshdq xqhpsor|phqw= Frqwhqg0
44;lqj wkhrulhv dqg lqvwlwxwlrqdo frpsoh{lwlhv/ srolf| sdshu/ Hxurshdq Xqlyhuvlw|
Lqvwlwxwh1
Fdphurq/ G1U1 +4<:;,1 Wkh h{sdqvlrq ri wkh sxeolf hfrqrp|= D frpsdudwlyh
dqdo|vlv/ Dphulfdq Srolwlfdo Vflhqfh Uhylhz :5= 4536045941
Fdvhood/ D1 +4<<5,1 Rq pdunhwv dqg foxev= hfrqrplf dqg srolwlfdo lqwhjudwlrq
ri uhjlrqv zlwk xqhtxdo surgxfwlylw|/ Dphulfdq Hfrqrplf Uhylhz/ Sdshuv dqg
Surfhhglqjv ;:= 44804541
Fdvhood/ D1 dqg Ihlqvwhlq/ M1 +4<<3,1 Sxeolf jrrgv lq wudgh= Rq wkh irupdwlrq
ri pdunhwv dqg srolwlfdo mxulvglfwlrqv/ QEHU Zrunlqj Sdshu Qr1 68871
Fkdpoh|/ F1 +4<;9,1 Rswlpdo wd{dwlrq ri fdslwdo lqfrph lq jhqhudo htxloleulxp
zlwk lqqlwh olyhv/ Hfrqrphwulfd 87= 93:9551
Fkdul/ Y1Y1/ O1H1 Mrqhv dqg U1 Pdulprq +4<<:,1 Wkh hfrqrplfv ri vsolw0wlfnhw
yrwlqj lq uhsuhvhqwdwlyh ghprfudflhv/ Dphulfdq Hfrqrplf Uhylhz ;:/ <8:<:91
Frdvh/ U1K1 +4<93,1 Wkh sureohp ri vrfldo frvw/ Mrxuqdo ri Odz dqg Hfrqrplfv
6= 4771
Frdwh/ V1 +4<<:,1 Glvwulexwlyh srolf| pdnlqj dv d vrxufh ri lqh!flhqf| lq
uhsuhvhqwdwlyh ghprfudf|/ plphr/ Xqlyhuvlw| ri Shqqv|oydqld1
Frjdq/ M1 +4<<7,1 Wkh glvshuvdo ri vshqglqj dxwkrulw| dqg ihghudo exgjhw
ghflwv/ lq Frjdq/ M/ W1 Pxuulv/ dqg D1 Vfklfn +hgv1,/ Wkh Exgjhw Sx}}oh= Xqghu0
vwdqglqj Ihghudo Vshqglqj/ Vwdqirug Xqlyhuvlw| Suhvv1
Frqhvd/ M1F1 dqg G1 Nuxhjhu +4<<;,/ Vrfldo vhfxulw| uhirup zlwk khwhurjhqhrxv
djhqwv/ plphr1
Frroh|/ W1 dqg M1 Vrduhv +4<<<,1 D srvlwlyh wkhru| ri vrfldo vhfxulw| edvhg rq
uhsxwdwlrq/ Mrxuqdo ri Srolwlfdo Hfrqrp| 43:= 4684931
Frxjkolq/ S1 dqg V1 Qlw}dq +4<;4,1 Hohfwrudo rxwfrphv zlwk suredelolvwlf yrw0
lqj dqg Qdvk vrfldo zhoiduh pd{lpd/ Mrxuqdo ri Sxeolf Hfrqrplfv 48= 4464541
Fr{/ J1 +4<<:,1 Pdnlqj Yrwhv Frxqw= Vwudwhjlf Frruglqdwlrq lq wkh Zruog*v
Hohfwrudo V|vwhpv/ Qhz \run= Fdpeulgjh Xqlyhuvlw| Suhvv1
Fr{1J1 dqg P1 PfFxeelqv +4<;9,1 Hohfwrudo srolwlfv dv d uhglvwulexwlyh jdph/
Mrxuqdo ri Srolwlfv 7;= 6:30;<1
Fuìphu/ M1 dqg Sdoiuh|/ W1U1 +4<<9d,1 Srolwlfdo frqihghudwlrq/ plphr1
Fuìphu/ M1 dqg Sdoiuh|/ W1U1 +4<<9e,1 Lq ru RxwB= Fhqwudol}dwlrq e| pdmrulw|
yrwh/ plphr/ LGHL/ Xqlyhuvlw| ri Wrxorxvh1
Fxnlhupdq/ D1 dqg D1 Phow}hu +4<;<,1 D srolwlfdo wkhru| ri jryhuqphqw ghew
dqg ghflwv lq d Qhr0ulfdugldq iudphzrun/ Dphulfdq Hfrqrplf Uhylhz :<= :46
:7;1
Fxnlhupdq/ D1 dqg D1 Phow}hu +4<<4,1 D srolwlfdo wkhru| ri surjuhvvlyh lqfrph
44<wd{dwlrq/ lq D1K1 Phow}hu/ D1 Fxnlhupdq dqg V1 Ulfkdug +hgv,/ Srolwlfdo Hfrqrp|/
R{irug= R{irug Xqlyhuvlw| Suhvv1
G d y h u l /I 1+ 4 < < ; , 1H I Xd i w h uH P X B /p l p h r /L J L H U 1
Gdyhul/ I1 dqg Wdehoolql/ J1 +4<<:,1 Xqhpsor|phqw/ Jurzwk dqg Wd{dwlrq lq
Lqgxvwuldo Frxqwulhv/ plphr/ LJLHU zrunlqj sdshu q14551
Ghq}dx/ D1 dqg P1 Pxqjhu +4<;9,1 Ohjlvodwruv dqg lqwhuhvw jurxsv= Krz
xqrujdql}hg lqwhuhvwv jhw uhsuhvhqwhg/ Dphulfdq Srolwlfdo Vflhqfh Uhylhz ;3= ;<0
4391
Ghzdwulsrqw/ P1 dqg Pdvnlq/ H1 +4<<8,1 Fuhglw dqg h!flhqf| lq fhqwudol}hg
dqg ghfhqwudol}hg Hfrqrplhv/ W k hU h y l h zr iH f r q r p l fV w x g l h v / Yro1 95+7,/ Qr1
546/ 87408881
Glhuphlhu/ G1 dqg W1 Ihgghuvhq +4<<;,1 Frkhvlrq lq ohjlvodwxuhv dqg wkh yrwh
ri frqghqfh surfhgxuh/ Dphulfdq Srolwlfdo Vflhqfh Uhylhz <5= 9449541
Gl{lw/ D1 +4<<9d,1 Wkh Pdnlqj ri Hfrqrplf Srolf|= D Wudqvdfwlrq0Frvw Sro0
lwlfv Shuvshfwlyh/ Fdpeulgjh= PLW Suhvv1
Gl{lw/ D1 +4<<9e,1 Vshfldo lqwhuhvw srolwlfv dqg hqgrjhqrxv frpprglw| wd{d0
wlrq/ Hdvwhuq Hfrqrplf Mrxuqdo 55= 6:806;;1
Gl{lw/ D1 J1 Jurvvpdq dqg H1 Khospdq +4<<:,1 Frpprq djhqf| dqg frrugl0
qdwlrq= Jhqhudo wkhru| dqg dssolfdwlrq wr jryhuqphqw srolf| pdnlqj/ Mrxuqdo ri
Srolwlfdo Hfrqrp| 438/ :85:9<1
Gl{lw/ D1 dqg M1 Orqguhjdq +4<<9,1 Wkh ghwhuplqdqwv ri vxffhvv ri vshfldo
lqwhuhvwv lq uhglvwulexwlyh srolwlfv/ Mrxuqdo ri Srolwlfv 8;= 446544881
Gl{lw/ D1 dqg M1 Orqguhjdq +4<<;,1 Lghrorj|/ wdfwlfv/ dqg h!flhqf| lq uhglv0
wulexwlyh srolwlfv/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 446= 7<:085<1
Grzqv/ D1 +4<8:,1 Dq Hfrqrplf Wkhru| ri Ghprfudf|/Q h z\ r u n =K d u s h u
dqg Urz1
Hgzdugv/ V1 dqg Wdehoolql/ J1 +4<<7,1 Srolwlfdo lqvwdelolw|/ srolwlfdo zhdnqhvv
dqg lq dwlrq= dq hpslulfdo dqdo|vlv/ lq Vlpv/ F1 +hg1, Dgydqfhv lq Hfrqrplf
Wkhru| 0 Surfhhglqjv ri wkh 4<<3 Zruog Phhwlqjv ri wkh Hfrqrphwulf Vrflhw|/
Fdpeulgjh Xqlyhuvlw| Suhvv1
Hqhorz/ M1P1 dqg P1M1 Klqlfk +4<;5,1 Lghrorj|/ lvvxhv dqg wkh vsdwldo wkhru|
ri hohfwlrqv/ Dphulfdq Srolwlfdo Vflhqfh Uhylhz :9= 7<68341
Ihogvwhlq/ P1 +4<<;,1 Sulydwl}lqj vrfldo vhfxulw|/ QEHU Surmhfw Uhsruw +hglwhg
e| P1 Ihogvwhlq,/ Wkh Xqlyhuvlw| ri Fklfdjr Suhvv1
Ihuhmrkq/ M1 +4<;9,/ Lqfxpehqw shuirupdqfh dqg hohfwrudo frqwuro/ Sxeolf Fkrlfh
83= 8591
Ihuhmrkq/ M1 Ilrulqd/ M1P1 dqg PfNhoyh|/ U1G1 +4<;:,1 Vrsklvwlfdwhg yrwlqj
453dqg djhqgd lqghshqghqfh lq wkh glvwulexwlyh srolwlfv vhwwlqjv/ Dphulfdq Mrxuqdo
ri Srolwlfdo Vflhqfhv/ 64= 49<04<71
Ihuhmrkq/ M1 dqg Nulheho/ N1 +4<;:,1 Wkh exgjhw surfhvv dqg wkh vl}h ri wkh
exgjhw/ Dphulfdq Mrxuqdo ri Srolwlfdo Vflhqfhv/ 64= 5<906531
Ihuvkwpdq/ F1 dqg Mxgg/ N1 +4<;:,1 Htxloleulxp lqfhqwlyhv lq roljrsro|/ Dphu0
lfdq Hfrqrplf Uhylhz/ ::= <5:0<73
Ilrulqd/ P1S1 +4<::,1 Frqjuhvv= Nh|vwrqh ri wkh Zdvklqjwrq Hvwdeolvkphqw/
Qhz Kdyhq= \doh Xqlyhuvlw| Suhvv1
Ilvfkhu/ V1 +4<;3,1 G|qdplf lqfrqvlvwhqf|/ frrshudwlrq/ dqg wkh ehqhyrohqw
glvvhpeolqj jryhuqphqw/ Mrxuqdo ri Srolwlfdo Hfrqrp| ;8= 4964<31
Iuh|/ E1V1 +4<;6,1 Ghprfudwlf hfrqrplf srolf|0 D wkhruhwlfdo lqwurgxfwlrq/
Pduwlq Urehuwvrq ) Frpsdq| Owg1
Iulhgpdq/ G1 +4<::,1 D wkhru| ri wkh vl}h dqg vkdsh ri qdwlrqv/ Mrxuqdo ri
Srolwlfdo Hfrqrp| ;8= 8<0::1
Jdqv/ M1V1 dqg P1 Vpduw +4<<9,1 Pdmrulw| yrwlqj zlwk vlqjoh0furvvlqj suhihu0
hqfhv/ Mrxuqdo ri Sxeolf Hfrqrplfv 8<= 54<56:1
Jlooljdq/ W1Y1 dqg Nuhkelho/ N1 +4<<3,1 Rujdql}dwlrq ri lqirupdwlyh frpphw0
whhv e| d udwlrqdo ohjlvodwxuh/ Dphulfdq Mrxuqdo ri Srolwlfdo Vflhqfh/ 67= 86408971
Judqgprqw/ M10P1 +4<:;,1 Lqwhuphgldwh suhihuhqfhv dqg wkh pdmrulw| uxoh/
Hfrqrphwulfd 79= 64:6631
Julool/ Y1/ G1 Pdvfldqgdur dqg J1 Wdehoolql +4<<4,1 Srolwlfdo dqg prqhwdu|
lqvwlwxwlrqv dqg sxeolf qdqfldo srolflhv lq wkh lqgxvwuldo frxqwulhv/ Hfrqrplf
Srolf| 46= 6756<51
Jurvhforvh/ W1 dqg M1 Vq|ghu +4<<9,1 Ex|lqj vxshupdmrulwlhv/ Dphulfdq Sr0
olwlfdo Vflhqfh Uhylhz <3= 6366481
Jurvvpdq/ J1 dqg H1 Khospdq +4<<7,1 Surwhfwlrq iru vdoh/ Dphulfdq Hfr0
qrplf Uhylhz ;7= ;66;831
Jurvvpdq/ J1 dqg H1 Khospdq +4<<8,1 Wkh srolwlfv ri iuhh0wudgh djuhhphqwv/
Dphulfdq Hfrqrplf Uhylhz ;8= 99:09<31
Jurvvpdq/ J1 dqg H1 Khospdq +4<<9d,1 Lqwhujhqhudwlrqdo uhglvwulexwlrq/ plphr/
Sulqfhwrq Xqlyhuvlw|1
Jurvvpdq/ J1 dqg H1 Khospdq +4<<9e,1 Hohfwrudo frpshwlwlrq dqg vshfldo
lqwhuhvw srolwlfv/ Uhylhz ri Hfrqrplf Vwxglhv 96= 5985;91
Kdoohuehuj/ P1 dqg M1 yrq Kdjhq +4<<:,1 Hohfwrudo lqvwlwxwlrqv/ fdelqhw qhjr0
wldwlrqv/ dqg exgjhw ghflwv zlwklq wkh Hxurshdq xqlrq/ FHSU Glvfxvvlrq Sdshu
Qr1 48881
454Kduw/ R1 +4<<8,1 Ilupv/ Frqwudfwv dqg Ilqdqfldo Vwuxfwxuh/R { i r u gX q l y h u v l w |
Suhvv1
Kdvvohu/ M1/ M1Y1 Urguljxh} Prud/ N1 Vwruhvohwwhq dqg I1 ]lolerwwl +4<<;,/
Htxloleulxp xqhpsor|phqw lqvxudqfh/ LLHV Vhplqdu Sdshu Qr1 9981
Kdvvohu/ M1 dqg M1Y1 Urguljxh} Prud +4<<:,1 Hpsor|phqw wxuqryhu dqg xq0
hpsor|phqw lqvxudqfh/ LLHV Vhplqdu Sdshu Qr1 9561
Khospdq/ H1 dqg W1 Shuvvrq +4<<;,1 Oree|lqj dqg ohjlvodwlyh edujdlqlqj/
plphr1
Kleev/ G1D1 +4<::,1 Srolwlfdo sduwlhv dqg pdfurhfrqrplf srolf|/ Dphulfdq
Srolwlfdo Vflhqfh Uhylhz :4= 479:47<:1
Kxehu/ M1G1 +4<<9,1 Wkh yrwh ri frqghqfh lq sduoldphqwdu| ghprfudflhv/
Dphulfdq Srolwlfdo Vflhqfh Uhylhz/ Yro1 <3/ Qr15/ 59<05;51
Kxvwhg/ W1D1 dqg O1Z1 Nhqq| +4<<:,1 Wkh hhfw ri wkh h{sdqvlrq ri wkh yrwlqj
iudqfklvh rq wkh vl}h ri jryhuqphqw/ Mrxuqdo ri Srolwlfdo Hfrqrp| 438= 87;51
Lqpdq/ U1S1 +4<;:,1 Pdunhwv/ jryhuqphqw dqg wkh cqhz* srolwlfdo hfrqrp|/
lq D1M1 Dxhuedfk dqg P1 Ihogvwhlq +hgv,/ Kdqgerrn ri Sxeolf Hfrqrplfv/y r o 15 /
Dpvwhugdp= Qruwk0Kroodqg1
Lqpdq/ U1S1 dqg G1O1 Uxelqhog +4<<:,1 Wkh srolwlfdo hfrqrp| ri ihghudo0
lvp/ lq G1 Pxhoohu +hg,/ Shuvshfwlyhv rq Sxeolf Fkrlfh/ Qhz \run= Fdpeulgjh
Xqlyhuvlw| Suhvv/ :64381
Lqwhu0Dphulfdq Ghyhorsphqw Edqn +4<<:,1 Hfrqrplf dqg vrfldo surjuhvv uh0
sruw 4<<:1 Sduw LLL1
Ndx/ M1E1 dqg S1 K1 Uxelq +4<;4,1 Wkh vl}h ri jryhuqphqw/ Sxeolf Fkrlfh 6:=
5945:71
Nlqj/ P1 dqg G1 Ixoohuwrq +hgv1, +4<;7,1 Wkh Wd{dwlrq ri Lqfrph iurp Fds0
lwdo= D Frpsdudwlyh Vwxg| ri wkh Xqlwhg Vwdwhv/ Xqlwhg Nlqjgrp/ Vzhghq/ dqg
Zhvw Jhupdq|/ Xqlyhulw| ri Fklfdjr Suhvv1
Nrwolnr/ O1/ W1 Shuvvrq dqg O1 Vyhqvvrq +4<<;,1 Vrfldo frqwudfwv dv dvvhwv=
D srvvleoh vroxwlrq wr wkh wlph0frqvlvwhqf| sureohp/ Dphulfdq Hfrqrplf Uhylhz
:;= 9959::1
Nuhkelho/ N1 +4<;:,1 Zk| duh frqjuhvvlrqdo frpplwwhhv srzhuixoB/ Dphulfdq
Srolwlfdo Vflhqfh Uhylhz ;4= <5<0<681
Nuhkelho/ N1 +4<<4,1 Lqirupdwlrq dqg ohjlvodwlyh rujdql}dwlrq/ Xqlyhuvlw| ri
Plfkljdq Suhvv/ Dqq Dueru1
Nuxvhoo/ S1 dqg Y1 Ulrv Uxoo +4<<:,1 Rq wkh vl}h ri wkh X1V1 jryhuqphqw=
Srolwlfdo hfrqrp| lq wkh qhrfodvvlfdo jurzwk prgho/ plphr1
Nuxvhoo/ S1/ Y1 Txdgulql dqg Y1 Ulrv0Uxoo +4<<:,1 Srolwlfr0hfrqrplf htxl0
455oleulxp dqg hfrqrplf jurzwk/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro 54=
5765:51
Odrqw/ M10M1 +4<<;,1 Lqfhqwlyhv dqg Srolwlfdo Hfrqrp|/ 4<<: Foduhqgrq Ohf0
wxuhv/ R{irug Xqlyhuvlw| Suhvv/ iruwkfrplqj1
Odrqw/ M1M1 dqg G1 Pduwlpruw +4<<;,1 Frooxvlrq dqg ghohjdwlrq/ Udqg Mrxuqdo
ri Hfrqrplfv/i r u w k f r p l q j
Odrqw/ M10M1 dqg M10M1 Wluroh +4<<6,1 D Wkhru| ri Lqfhqwlyhv lq Surfxuhphqw
dqg Uhjxodwlrq/ Fdpeulgjh PD= PLW Suhvv1
Odpehuwlql/ O1 dqg D}duldglv/ F1 +4<<;,1 Wkh vfdo srolwlfv ri elj jryhuqphqwv=
gr frdolwlrqv pdwwhuB/ plphr/ XFOD1
Od Sruwd/ U1/ I1 Orsh}0gh0Vlodqh/ D1 Vkohlihu dqg U1 Ylvkq| +4<<;,/ Wkh txdolw|
ri jryhuqphqw/ QEHU Zrunlqj Sdshu/ Qr1 9:5:1
Odyhu/ P1 dqg N1 Vkhsvoh +4<<3,1 Frdolwlrqv dqg fdelqhw jryhuqphqw/ Dphul0
fdq Srolwlfdo Vflhqfh Uhylhz/ ;4= ;:60;<31
Odyhu/ P1 dqg N1 Vkhsvoh +4<<9,1 Pdnlqj dqg Euhdnlqj Jryhuqphqwv= Fdelqhwv
dqg Ohjlvodwxuhv lq Sduoldphqwdu| Ghprfudflhv/ Qhz \run= Fdpeulgjh Xqlyhuvlw|
Suhvv
Od|dug/ U1 dqg V1 Qlfnhoo +4<<;,1 Oderxu pdunhw lqvwlwxwlrqv dqg hfrqrplf
shuirupdqfh1
Olhehuw/ X1 +4<<8,1 Sduoldphqwdu| oree| uhjlphv/ lq K1 G rulqj/ K1 +hg,/ Sdu0
oldphqwv dqg Pdmrulw| Uxoh lq Zhvwhuq Hxursh/ Fdpsxv0Yhuodj1
Olmskduw/ D1 +4<;7,1 Ghprfudflhv/ Qhz Kdyhq= \doh Xqlyhuvlw| Suhvv1
Olqgehfn/ D1 dqg M1 Zhlexoo +4<;:,1 Edodqfhg0exgjhw uhglvwulexwlrq dv wkh
rxwfrph ri srolwlfdo frpshwlwlrq/ Sxeolf Fkrlfh 85= 5:65<:1
Olqghuw/ S1 +4<<7,1 Wkh ulvh ri vrfldo vshqglqj/ 4;;304<63/ H{sorudwlrqv lq
Hfrqrplf Klvwru|/ 64= 40691
Olqghuw/ S1 +4<<9,1 Zkdw olplwv vrfldo vshqglqjB H{sorudwlrqv lq Hfrqrplf
Klvwru| 66= 4671
Ol}}hul/ D1 dqg Q1 Shuvlfr +4<<;,1 Wkh surylvlrq ri sxeolf jrrgv xqghu dowhu0
qdwlyh hohfwrudo lqfhqwlyhv/ plphr/ Xqlyhuvlw| ri Wrxorxvh1
Orrfnzrrg/ E1 +4<<:,1 Wkh doorfdwlrq ri srzhuv lq ihghudo dqg xqlwdu| vwdwhv=
D frqwudfwduldq dssurdfk/ plphr1
Orfnzrrg/ E1 +4<<;,1 Glvwulexwlyh srolwlfv dqg wkh ehqhwv ri ghfhqwudol}dwlrq/
plphr1
Orhz|/ P1 +4<;;,1 Htxloleulxp srolf| lq dq ryhuodsslqj jhqhudwlrqv hfrqrp|/
55= 7;808331
456Oxfdv/ U1 H1 Mu1 +4<<3,1 Vxsso|0vlgh hfrqrplfv= dq dqdolwlfdo uhylhz/ R{irug
Hfrqrplf Sdshuv/ Qr1 75/ 5<606491
Pdxur/ S1 +4<<;,1 Fruuxswlrq dqg wkh frpsrvlwlrq ri jryhuqphqw h{shqglwxuh/
Mrxuqdo ri Sxeolf Hfrqrplfv 9<= 5965;31
Pd|khz/ G1U1 +4<:7,1 Frqjuhvv= Wkh Hohfwrudo Frqqhfwlrq/ Qhz Kdyhq= \doh
Xqlyhuvlw| Suhvv1
PfFxeelqv/ P1/ U1 Qroo dqg E1 Zhlqjdvw +4<;:,1 Dgplqlvwudwlyh surfhgxuhv
dv lqvwuxphqwv ri srolwlfdo frqwuro/ Mrxuqdo ri Odz/ Hfrqrplfv dqg Rujdql}dwlrq
6= 576:<1
PfNhoyh|/ U1G1 +4<;9,1 Fryhulqj/ grplqdqfh/ dqg lqvwlwxwlrq0iuhh surshuwlhv
ri vrfldo fkrlfh/ Dphulfdq Mrxuqdo ri Srolwlfdo Vflhqfh 63= 5;66471
PfNhoyh|/ U1G1 dqg U1 Ulh}pdq +4<<4,1 Vhqlrulw| lq ohjlvodwxuhv/ Dphulfdq
Srolwlfdo Vflhqfh Uhylhz ;9= <84<981
Phow}hu/ D1 dqg V1 Ulfkdug +4<;4,1 D udwlrqdo wkhru| ri wkh vl}h ri jryhuqphqw/
Mrxuqdo ri Srolwlfdo Hfrqrp| ;<= <47<5:1
Phow}hu/ D1 dqg V1 Ulfkdug +4<;6,1 Whvwv ri d udwlrqdo wkhru| ri wkh vl}h ri
jryhuqphqw/ Sxeolf Fkrlfh 74= 73674;1
Phow}hu/ D1 dqg Ulfkdug/ V1 +4<;8,1 D srvwlylh wkhru| ri Lq0Nlqg Wudqvihuv
dqg wkh qhjdwlyh lqfrph wd{/ Sxeolf Fkrlfh/ 7:= 56405981
Phqgr}d/ H1/ D1 Ud}lq dqg O1 Whvdu +4<<7,1 Hhfwlyh wd{ udwhv lq pdfurhfr0
qrplfv= furvv0frxqwu| hvwlpdwhv ri wd{ udwhv rq idfwru lqfrphv dqg frqvxpswlrq/
Mrxuqdo ri Prqhwdu| Hfrqrplfv 67= 5<:6561
Pruwhqvhq/ G1W1 dqg Slvvdulghv/ F1D1 +4<<;,1 Qhz ghyhorsphqwv lq prghov ri
vhdufk lq wkh oderu pdunhw/ plphr1
Pxhoohu/ G1 +4<;<,1 Sxeolf Fkrlfh LL/ Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1
Pxhoohu/ G1 +4<<:,1 Shuvshfwlyhv rq Sxeolf Fkrlfh/ Qhz \run= Fdpeulgjh
Xqlyhuvlw| Suhvv1
P|huvrq/ U1 +4<<6,1 Hhfwlyhqhvv ri hohfwrudo v|vwhpv iru uhgxflqj jryhuqphqw
fruuxswlrq= D jdph wkhruhwlf dqdo|vlv/ Jdphv dqg Hfrqrplf Ehkdylru 8= 44;
4651
P|huvrq/ U1 +4<<8,1 Dqdo|vlv ri ghprfudwlf lqvwlwxwlrqv= Vwuxfwxuh/ frqgxfw
dqg shuirupdqfh/ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ </ 4= ::0;<1
P|huvrq/ U1 +4<<;,1 Wkhruhwlfdo frpsdulvrq ri hohfwrudo v|vwhpv= 4<<; Vfkxp0
shwhu ohfwxuh/ Ehuolq Frqjuhvv ri wkh Hxurshdq Hfrqrplf Dvvrfldwlrq1
Qruwk/ G1F1 +4<;8,1 Wkh jurzwk ri jryhuphqw lq wkh Xqlwhg vwdwhv= dq hfr0
qrplf klvwruldq*v shuvshfwlyh/ Mrxuuqdo ri sxeolf hfrqrplfv/ 5;= 6;606<<1
457Rdwhv/ Z1H1 +4<:5,1 Ilvfdo Ihghudolvp1 Qhz \run= Kdufrxuw/ Eudfh dqg
Mrydqrylfk1
Rovrq/ P1 +4<98,/ Wkh Orjlf ri Froohfwlyh Dfwlrq= S x e o l fJ r r g vd q gw k hW k h r u |
ri Jurxsv/ Fdpeulgjh PD= Kduydug Xqlyhuvlw| Suhvv1
Rorivjèug/ D1 +4<<<,1 Vhfhvvlrqv dqg qdwlrqdolvp lq d prgho zlwk vl}h h{0
whuqdolwlhv dqg lpshuihfw prelolw|/ plphr/ Lqvwlwxwh iru Lqwhuqdwlrqdo Hfrqrplf
Vwxglhv1
Rveruqh/ P1 +4<<8,1 Vsdwldo prghov ri srolwlfdo frpshwlwlrq xqghu soxudolw|
uxoh= D vxuyh| ri vrph h{sodqdwlrqv ri wkh qxpehu ri fdqglgdwhv dqg wkh srvlwlrqv
wkh| wdnh/ Fdqdgldq Mrxuqdo ri Hfrqrplfv 5;= 59406341
Rveruqh/ P1M1 dqg D1 Volylqvn| +4<<9,1 D prgho ri srolwlfdo frpshwlwlrq zlwk
flwl}hq0fdqglgdwhv/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 444= 98<91
Sdql}}d/ X1 +4<<:,1 Rq wkh ghwhuplqdqwv ri vfdo fhqwudol}dwlrq= wkhru| dqg
hylghqfh/ plphr/ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Wxulq1
Sduwulgjh/ P1 +4<<:,1 Lv lqhtxdolw| kdupixo iru jurzwkB Frpphqw/ Dphulfdq
Hfrqrplf Uhylhz <:= 434<43651
Sdwwrq/ F1 +4<:;,1 Wkh srolwlfv ri vrfldo vhfxulw|/ lq P1 Ervnlq +hg1,/ Wkh
Fulvlv lq Vrfldo Vhfxulw|/ Lqvwlwxwh iru Frqwhpsrudu| Srolf| Vwxglhv1
Show}pdq/ V1 +4<;3,1 Wkh jurzwk ri jryhuqphqw/ Mrxuqdo ri Odz dqg Hfr0
qrplfv 4<= 5445731
Shurwwl/ U1 +4<<9,1 Jurzwk/ lqfrph glvwulexwlrq dqg ghprfudf|= Zkdw wkh
gdwd vd|/ Mrxuqdo ri Hfrqrplf Jurzwk 4= 47<4;;1
Shuvvrq/ W1 +4<<;,1 Hfrqrplf srolf| dqg vshfldo lqwhuhvw srolwlfv/ Hfrqrplf
Mrxuqdo 43;= 643065:1
Shuvvrq/ W1/ J1 Urodqg dqg J1 Wdehoolql +4<<:,1 Vhsdudwlrq ri srzhuv dqg
srolwlfdo dffrxqwdelolw|/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 445= 449645351
Shuvvrq/ W1/ J1 Urodqg dqg J1 Wdehoolql +4<<;d,1 Frpsdudwlyh srolwlfv dqg
sxeolf qdqfh/ FHSU Glvfxvvlrq Sdshu Qr1 4:6:1
Shuvvrq/ W1/ J1 Urodqg dqg J1 Wdehoolql +4<<;e,1 Wrzdugv plfursrolwlfdo
irxqgdwlrqv ri sxeolf qdqfh/ Hxurshdq Hfrqrplf Uhylhz 75= 9;89<71
Shuvvrq/ W1 dqg J1 Wdehoolql +4<<3,1 Pdfurhfrqrplf Srolf|/ Fuhglelolw| dqg
Srolwlfv/ Fkxu/ Orqgrq/ Sdulv/ Qhz \run= Kduzrrg Dfdghplf Sxeolvkhuv1
Shuvvrq/ W1 dqg J1 Wdehoolql +4<<5,1 Wkh srolwlfv ri 4<<5= Ilvfdo srolf| dqg
Hxurshdq lqwhjudwlrq/ Uhylhz ri Hfrqrplf Vwxglhv 8<= 9;<:341
Shuvvrq1/ W1 dqg J1 Wdehoolql +4<<7d,1 Lv lqhtxdolw| kdupixo iru jurzwkB Dphu0
lfdq Hfrqrplf Uhylhz ;7= 9339541
458Shuvvrq/ W1 dqg J1 Wdehoolql +4<<7e,1 Uhsuhvhqwdwlyh ghprfudf| dqg fdslwdo
wd{dwlrq/ Mrxuqdo ri Sxeolf Hfrqrplfv 88= 86:31
Shuvvrq/ W1 dqg J1 Wdehoolql +4<<7f,1 Grhv fhqwudol}dwlrq lqfuhdvh wkh vl}h ri
jryhuqphqwB Hxurshdq Hfrqrplf Uhylhz 6;= :98::61
Shuvvrq/ W1 dqg J1 Wdehoolql +4<<8,1 Grxeoh0hgjhg lqfhqwlyhv= Lqvwlwxwlrqv
dqg srolf| frruglqdwlrq/ lq J1 Jurvvpdq dqg N1 Urjr +hgv,/ Kdqgerrn ri Lqwhu0
qdwlrqdo Hfrqrplfv/ Yro LLL/ Dpvwhugdp= Qruwk0Kroodqg1
Shuvvrq/ W1 dqg J1 Wdehoolql +4<<9,/ Ihghudo vfdo frqvwlwxwlrqv= Ulvn vkdulqj
dqg prudo kd}dug/ Hfrqrphwulfd 97= 9569791
Shuvvrq/W1 dqg J1 Wdehoolql +4<<;,1 Srolwlfdo hfrqrp| dqg pdfurhfrqrplf sro0
lf|/ QEHU Zrunlqj Sdshu/ Qr1 965</ iruwkfrplqj lq M1 Wd|oru dqg P1 Zrrgirug
+hgv,/ Kdqgerrn ri Pdfurhfrqrplfv/ Dpvwhugdp= Qruwk0Kroodqg1
Shuvvrq/W1 dqg J1 Wdehoolql +4<<<,1 Wkh vl}h dqg vfrsh ri jryhuqphqw= Frp0
sdudwlyh srolwlfv zlwk udwlrqdo srolwlfldqv/ 4<<; Pduvkdoo Ohfwxuh/ QEHU Zrunlqj
Sdshu Qr1 9;7;/ iruwkfrplqj lq Hxurshdq Hfrqrplf Uhylhz1
Slvvdulghv/ F1D1 +4<;3,1 Htxloleulxp Xqhpsor|phqw Wkhru|/R { i r u gX q l y h u 0
vlw| Suhvv/ R{irug1
Sror/ P1 +4<<;,1 Hohfwrudo frpshwlwlrq dqg srolwlfdo uhqwv/ plphr/ LJLHU1
Srroh/ N1 dqg W1 Urphu +4<;8,1 Sdwwhuqv ri SDF frqwulexwlrqv wr wkh 4<;3
fdpsdljqv iru wkh XV Krxvh ri Uhsuhvhqwdwlyhv/ Sxeolf Fkrlfh 7:= 9604451
Srroh/ N1W1 dqg K1 Urvhqwkdo +4<<4,1 Sdwwhuqv ri frqjuhvvlrqdo yrwlqj/ Dphu0
lfdq Mrxuqdo ri Srolwlfdo Vflhqfh 68= 55;5:;1
Srwhued/ M1 +4<<7,1 Vwdwh uhvsrqvhv wr vfdo fulvhv=Qdwxudo H{shulphqwv iru
vwxg|lqj wkh hhfwv ri exgjhwdu| lqvwlwxwlrqv/ Mrxuqdo ri Srolwlfdo Hfrqrp| 435=
:<<0;541
Srwwhuv/ M1 dqg I1 ydq Zlqghq +4<<5,1 Oree|lqj dqg dv|pphwulf lqirupdwlrq/
Sxeolf Fkrlfh :7= 59<0<51
Tldq/ \1 dqg J1 Urodqg +4<<;,1 Ihghudolvp dqg wkh vriw exgjhw frqvwudlqw/
Dphulfdq Hfrqrplf Uhylhz ;;/ 447644951
Ulh}pdq/ U1 dqg M1G1 Zlovrq +4<<:,1 Srolwlfdo uhirup dqg wudgh srolf|/ Mrxuqdo
ri Lqwhuqdwlrqdo Hfrqrplfv 75= 9:<31
Ulylëuh/ D1 +4<<;,1 Vwudwhjlf yrwlqj dqg hohfwrudo v|vwhpv/ plphr/ HFDUH1
Urehuwv/ N1 +4<::,1 Yrwlqj ryhu lqfrph wd{ vfkhgxohv/ Mrxuqdo ri Sxeolf Hfr0
qrplfv ;= 65<6731
Urguln/ G1 +4<<8,1 Srolwlfdo hfrqrp| ri wudgh srolf|/ lq J1 Jurvvpdq dqg N1
Urjr +hgv, Kdqgerrn ri Lqwhuqdwlrqdo Hfrqrplfv/ Yro LLL/ Dpvwhugdp= Qruwk0
Kroodqg1
459Urguln/ G1 +4<<;,1 Zk| gr pruh rshq hfrqrplhv kdyh eljjhu jryhuqphqwvB
Mrxuqdo ri Srolwlfdo Hfrqrp| 439= <<:43651
Urjr/ N1 +4<;8,1 Wkh rswlpdo ghjuhh ri frpplwphqw ri dq lqwhuphgldwh
prqhwdu| wdujhw/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 433= 449<44<31
Urphu/ W1 +4<:8,1 Lqglylgxdo zhoiduh/ pdmrulw| yrwlqj dqg wkh surshuwlhv ri d
olqhdu lqfrph wd{/ Mrxuqdo ri Sxeolf Hfrqrplfv := 49649;1
Urphu/ W1 dqg K1 Urvhqwkdo +4<:<,1 Exuhdxfudwv yhuvxv yrwhuv= Rq wkh sr0
olwlfdo hfrqrp| ri uhvrxufh doorfdwlrq e| gluhfw ghprfudf|/ Txduwhuo| Mrxuqdo ri
Hfrqrplfv <6= 8968;:1
Urwkvwhlq/ S1 +4<<3,1 Rughu uhvwulfwhg suhihuhqfhv dqg pdmrulw| uxoh/ Vrfldo
Fkrlfh dqg Zhoiduh := 6646751
Urxelql/ Q1 dqg M1 Vdfkv +4<;<,1 Srolwlfdo dqg hfrqrplf ghwhuplqdqwv ri
exgjhw ghflwv lq wkh lqgxvwuldo ghprfudflhv/ Hxurshdq Hfrqrplf Uhylhz 66= <36
<661
Vdlqw Sdxo/ J1 +4<<6,1 Rq wkh srolwlfdo hfrqrp| ri oderu pdunhw  h{lelolw|/
QEHU Pdfurhfrqrplfv Dqqxdo1
Vdlqw Sdxo/ J1 +4<<9,1 H{sorulqj wkh srolwlfdo hfrqrp| ri oderu pdunhw lqvwl0
wxwlrqv/ Hfrqrplf Srolf| 56= 5986481
Vfkdwwvfkqhlghu/ H1H1 +4<68,1 Srolwlfv/ Suhvvxuhv dqg wkh Wdul/H q j o h z r r g
Folv/ Q1M= Suhqwlfh Kdoo1
Vfkrhog/ Q1 +4<<6,1 Sduw| frpshwlwlrq lq d vsdwldo prgho ri frdolwlrq iru0
pdwlrq/ lq Z1 Eduqhww/ P1M1 Klqfk dqg Q1 Vfkrhog +hgv,/ Srolwlfdo Hfrqrp|=
Lqvwlwxwlrqv/ Frpshwlwlrq dqg Uhsuhvhqwdwlrq/ Fdpeulgjh Xqlyhuvlw| Suhvv/ 468
4:71
Vfrwfkphu +wklv yroxph,
Vhdeuljkw/ S1 +4<<9, Dffrxqwdelolw| dqg ghfhqwudol}dwlrq lq jryhuqphqw= Dq
lqfrpsohwh frqwudfwv prgho/ Hxurshdq Hfrqrplf Uhylhz 73= 940;<1
Vkhsvoh/ N1 +4<:<,1 Lqvwlwxwlrqdo duudqjhphqwv dqg htxloleulxp lq pxowlglphq0
vlrqdo yrwlqj prghov/ Dphulfdq Mrxuqdo ri Srolwlfdo Vflhqfh 56= 5:8<1
Vklhogv dqg Jrlgho +4<<:,/ Sduwlflsdwlrq udwhv/ vrflrhfrqrplf fodvvhv dqg Frq0
juhvvlrqdo hohfwlrqv/ Dphulfdq Mrxuqdo ri srolwlfdo Vflhqfh 74= 9;60<41
Vkxjduw/ P1V1 dqg M1P1 Fduh| +4<<5,1 Suhvlghqwv dqg Dvvhpeolhv= Frqvwlwx0
wlrqdo Ghvljq dqg Hohfwrudo G|qdplfv/ Qhz \run= Fdpeulgjh Xqlyhuvlw| Suhvv1
Vlhehuw/ K1 +4<<;,1 Uhghvljqlqj vrfldo vhfxulw|/ K1 Vlhehuw +hg1,/ Lqvwlwxhw ixhu
Zhowzluwvfkdiw dq ghu Xqlyhuvlwdhw Nlho1
Vwljohu/ J1M1 +4<:4,1 Wkh wkhru| ri hfrqrplf uhjxodwlrq/ Ehoo Mrxuqdo ri Hfr0
qrplfv dqg Pdqdjhphqw Vflhqfh 5= 6541
45:Vwuùpehuj/ G1 +4<<9, Ghprjudsk|/ yrwlqj/ dqg orfdo sxeolf h{shqglwxuhv= wkh0
ru| dqg hylghqfh iurp Vzhglvk pxqlflsdolwlhv/ plphr/ Sulqfhwrq Xqlyhuvlw|1
Vwljohu/ J1 +4<:5,1 Hfrqrplf shuirupdqfh dqg srolwlfdo frpshwlwlrq/ Sxeolf
Fkrlfh/ 46= <404391
Vwuùpehuj/ G1 +4<<;, Pdvv0Phgld Frpshwlwlrq/ Srolwlfdo Frpshwlwlrq/ dqg
Sxeolf Srolf|/ plphr/ Sulqfhwrq Xqlyhuvlw|1
Vwxduw/ F1 dqg Kdqvvrq/ L1 +4<;<,1 Vrfldo vhfxulw| dv wudgh dprqj olylqj jhq0
hudwlrqv/ Dphulfdq Hfrqrplf Uhylhz/ :</ 8= 44;5044<81
Vyhqvvrq/ M1 +4<<:d,1 Wkh frqwuro ri sxeolf srolf|= Hohfwrudo frpshwlwlrq/
srodul}dwlrq dqg sulpdu| hohfwlrqv/ plphr/ Wkh Zruog Edqn/ Zdvklqjwrq/ G1F1
Vyhqvvrq/ M1 +4<<:e,1 Dffrxqwdelolw|/ srodul}dwlrq dqg jurzwk= Lv wkh ghprf0
udf| ehwwhuB plphr/ Zruog Edqn1
Wdehoolql/ J1 +4<<3,1 D srvlwlyh wkhru| ri vrfldo vhfxulw|/ QEHU Zrunlqj
Sdshu/ Qr1 65:51
Wdehoolql/ J1 +4<<4,1 Wkh srolwlfv ri lqwhujhqhudwlrqdo uhglvwulexwlrq/ Mrxuqdo
ri Srolwlfdo Hfrqrp| <<= 66868:1
Wddjhshud/ U1 dqg P1V1 Vkxjduw +4<;<,1 Vhwdv ) Yrwhv1 Wkh Hhfwv dqg
Ghwhuplqdqwv ri Hohfwrudo V|vwhpv/ Qhz Kdyhq/ Frqq1= \doh Xqlyhuvlw| Suhvv=1
Wdq}l/ Y1 dqg Gdyrrgl/ K1 +4<<:,1 Fruuxswlrq/ sxeolf lqyhvwphqw/ dqg jurzwk/
LPI Zrunlqj Sdshu/ Qr1 <:246<
Wdq}l/ Y1 dqg Vfkxnqhfkw/ O1 +4<<8,1 Wkh jurzwk ri jryhuqphqw dqg wkh
uhirup ri wkh vwdwh lq lqgxvwuldo frxqwulhv/ LPI Zrunlqj Sdshu Qr1 <824631
Wluroh/ M1 +4<<;,1 Lqfrpsohwh frqwudfwv= Zkhuh gr zh vwdqgB/ plphr1
Wvheholv/ J1 +4<<8,1 Ghflvlrqpdnlqj lq srolwlfdo v|vwhpv= Suhvlghqwldolvp/
sduoldpdqwdulvp/ pxowlfdphudolvp/ dqg pxowlsduwlvp/ Eulwlvk Mrxuqdo ri Srolwlfdo
Vflhqfh 58= 5;<06581
Wxoorfn/ J1 +4<8<,1 Vrph sureohpv ri pdmrulw| yrwlqj/ Mrxuqdo ri Srolwlfdo
Hfrqrp| 9:= 8:48:</ uhsulqwhg lq Duurz dqg Vflwryvn|/ 4<9</ 49<4:;1
Wxoorfn/ J1 +4<;;,1 Ixwxuh gluhfwlrqv ri uhqw0vhhnlqj uhvhdufk lq Urzoh|/ N1/
U1 Wroolvrq dqg J1 Wxoorfn +hgv1,/ Wkh Srolwlfdo Hfrqrp| ri Uhqw0Vhhnlqj/N o x z h u /
Ervwrq1
Yhuerq/ K1 +4<;;,1 Wkh hyroxwlrq ri sxeolf shqvlrq vfkhphv/ lq Jxwk/ Z1/ M1
PfPloodq dqg K10Z1 Vlqq +hgv,/ Plfurhfrqrplf Vwxglhv/ Vsulqjhu0Yhuodj/ Ehuolq
Khlghoehuj1
Ylfnhuv/ M1 +4<;8,1 Ghohjdwlrq dqg wkh wkhru| ri wkh up/ Hfrqrplf Mrxuqdo
<8= 46;47:1
45;yrq Kdjhq/ M1 +4<<5,1 Exgjhw surfhgxuhv dqg vfdo shuirupdqfh lq wkh Hxur0
shdq frppxqlwlhv/ Hfrqrplf Sdshuv Qr <9/ Hxurshdq Frpplvvlrq1
yrq Kdjhq/ M1 +4<<;,1 Exgjhwlqj Lqvwlwxwlrqv iru djjuhjdwh vfdo glvflsolqh/
]HL Srolf| Sdshu/ E<;034/ Iheuxdu|1
yrq Kdjhq/ M1 dqg L1 Kdughq +4<<7,1 Qdwlrqdo exgjhw surfhvvhv dqg vfdo
shuirupdqfh/ Hxurshdq Hfrqrpf|/ Uhsruwv dqg Vwxglhv 61
Zdoolv/ M1M1 dqg Z1H1 Rdwhv +4<;;,1 Grhv hfrqrplf vfohurvlv vhw lq zlwk djhvB
Dq hpslulfdo vwxg| ri wkh Rovrq k|srwkhvlv/ N|norv 74= 6<:74:1
Zhlqjdvw/E1U1 dqg Z1 Pduvkdoo +4<;;,1 Wkh lqgxvwuldo rujdql}dwlrq ri frqjuhvv=
ru/ zk| ohjlvodwxuhv/ olnh upv/ duh qrw rujdql}hg dv pdunhwv/ Mrxuqdo ri Srolwlfdo
Hfrqrp| <9= 4654961
Zhlqjdvw/ E1/ N1 Vkhsvoh dqg F1 Mrkqvhq +4<;4,1 Wkh srolwlfdo hfrqrp| ri
ehqhwv dqg frvwv= D qhrfodvvlfdo dssurdfk wr glvwulexwlyh srolwlfv/ Mrxuqdo ri
Srolwlfdo Hfrqrp| ;<= 9759971
Zlooldpvrq/ R1H1 +4<;8,1 Wkh Hfrqrplf Lqvwlwxwlrqv ri Fdslwdolvp/Q h z\ r u n =
Iuhh Suhvv1
Zlwwpdq/ G1 +4<::,1 Fdqglgdwhv zlwk srolf| suhihuhqfhv= D g|qdplf prgho/
Mrxuqdo ri Hfrqrplf Wkhru| 47= 4;34;<1
Zlwwpdq/ G1 +4<;6,1 Fdqglgdwh prwlydwlrq= D v|qwkhvlv ri dowhuqdwlyh wkhr0
ulhv/ Dphulfdq Srolwlfdo Vflhqfh Uhylhz ::= 47548:1
Zlwwpdq/ G1 +4<;<,1 Zk| ghprfudflhv surgxfh h!flhqw uhvxowv/ Mrxuqdo ri
Srolwlfdo Hfrqrp| <:= 46<847571
Zlwwpdq/ G1 +4<<8,1 Wkh P|wk ri Ghprfudwlf Idloxuh= Zk| Srolwlfdo Lqvwlwx0
wlrqv duh H!flhqw/ Xqlyhuvlw| ri Fklfdjr Suhvv1
Zuljkw/ U1 +4<;9,1 Wkh uhglvwulexwlyh urohv ri xqhpsor|phqw lqvxudqfh dqg
wkh g|qdplfv ri yrwlqj/ Mrxuqdo ri Sxeolf Hfrqrplfv 64= 6::6<<1
45<